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FRANK FAIRCHILD WESBROOK 
H. W. HILL 


Frank Fairchild Wesbrook was born July 12, 1868, at Oak- 
land, Ontario, Canada, and died, at the age of fifty, on October 
20, 1918, at Vancouver, B. C., after an illness of a year’s duration. 

From the year 1913 and until the time of his death he was 
President of the University of British Columbia. 

He leaves a widow, Mrs. Annie Wesbrook, and a daughter, 
Helen Wesbrook, the latter in the senior year of the Arts College. 

President Wesbrook took his Bachelor’s and Master's degrees 
at the University of Manitoba in 1887 and 1888, and the degrees 
of M.D. and C.M. in 1890 from that University and McGill Col- 
lege; while in later years the Universities of Manitoba, Toronto 
and Alberta conferred upon him the degree of LL.D. During 
1891-1893, he served as Professor of Pathology at the University 
of Manitoba; thence he went to Cambridge University in 189° 
1895 as John Lucas Walker student, where he engaged in re- 
search work in pathology and served as a University tutor under 
Gaskell. 

In 1895 he was called te the directorship of the Department 
of Pathology, Bacteriology and Hygiene at the University of 
Minnesota, filling this position as professor throughout his con- 
nection of eighteen years with this University. 

Dr. Wesbrook’s chief work was in Bacteriology—partic- 
ularly as related to public health. With O. McDaniel and L. b. 
Wilson he published the famous “Types of Diphtheria Pacilli” 
which did so much to simplify, and make accurate, diphtheria 
diagnosis. He was one of the earliest and most foresighted 
investigators and advocates of chlorine sterilization of water 
supplies, which has become an immensely important factor in 
public health. 
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He was Director of the Minnesota State Board of Health 
Laboratories until 1913 and for two periods was a member of 
the Minnesota State Board of Health. 

In 1906 he was appointed to the Deanship of the Medical 
School of the University of Minnesota and efficiently admin- 
istered his trust until he was invited to the Presidency of the 
University of British Columbia and resigned his position at 
Minnesota. 

He threw himself ardently into the development of the new 
University at Vancouver and throughout the war was especially 
concerned in the training of young men and women for war 
service and for the coming duties of reconstruction. 

Dr. Wesbrook was an active worker in the interests of public 
health and for many years has been recognized in the public 
health councils of this country and of Canada. He was Chair- 
man of the Laboratory Section of the American Public Health 
Association in 1901, and was elected President of that Associa- 
tion in 1905, serving during the Boston meeting. He was a 
charter member of the American Society of Bacteriologists. In 
1912 he was chosen President of the section on State and Mu- 
nicipal Hygiene of the International Congress of Hygiene and 
Demography and for ten years served as a member of the Ad- 
visory Board of the Hygienic Laboratory at Washington, D. C. 

His powerful physique, splendid bearing and great cordiality 
made him an impressive and attractive figure everywhere. 

His demise excited general regret, and no one who knew him 
but feels a great personal, as well as professional, loss; the world 
was richer for his presence and poorer for his departure. 














AGGLUTINATION! 


R. E. BUCHANAN 


From the Bacteriological Laboratories, Iowa State College, Ames, Iowa 


The address of a retiring president of a scientific society at 
this time might well be devoted to a discussion of the relation- 
ship of the science in question to the conduct and winning of the 
war. Certainly bacteriology has played a major réle in this 
drama. Its contributions have been of fundamental importance. 
Therefore, notwithstanding the fact that there are many who 
have been in far closer contact with the war triumphs of our 
science than have I, it is probable I should have essayed the 
task, had it not been for the events of the past few weeks. The 
war, we confidently believe, has been won. May we not, then, 
address ourselves to the pursuits of peace instead? 

I shall confine my remarks to an entirely different phase of 
our science, namely, the phenomenon of agglutination, particu- 
larly to certain physico-chemical conceptions and their bearing 
upon a theory of agglutination. 

For many years the terminology and conceptions of Ehrlich 
as they related to the phenomenon of agglutination have held 
sway in our texts and have in general proved fairly adequate for 
an introductory or rather casual explanation of this phase of 
immunology. They have served as guides in our discussions of 
the differentiation and recognition of bacteria by specific sera, 
and of the diagnosis of disease by use of specific bacteria. In 
some quarters, perhaps as a natural result of our anti-Teutonic 
bent in the Great War, there are signs of revolt against the dom- 
inance of such expressions. Witness a recent statement by Moore 
(1917) in the British Medical Journal: 


1 Presidential Address delivered before the Society of American Bacteri- 
ologists at its Twentieth Annual meeting, December 27, 1918 
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Progress in our knowledge of the biochemistry of immunity will be 
delayed so long as the modes of thought connoted by the series of 
ad hoc terms first introduced by Ehrlich and since reduplicated by 
others, are allowed to dominate the clear view that the laws of im- 
munity are the laws of reaction by adsorption in colloidal solution. 
There is nothing new or ever was in the side chain theory except the 
fantastic terms. . . . . The pioneer work on immunity which 
has carried us so far forward in many a domain of pathology and 
bacteriology was that of Bordet, Gengou and others of the French 
School; it was burdened from Germany with the intolerable weight of 
a useless philosophy of jangling terms for a type of reaction well known 
in colloidal chemistry. 


Further, 


All the laws of immune reactions can be illustrated by colloidal 
systems which are not and never were living and the preservation of a 
special set of terms is redundant. 


Also in the same vein the statement by Roberts (1917), 


I wish to ask whether it is not time to simplify the theory of im- 
munity. Much modern work seems intended to support “orthodox 
Ehrlichism,” though by the multiplication of sub-hypotheses its con- 
fusion grows worse confounded. The terms employed in general 
physiology should thus be sufficient for bacteriology, and observers of 
fresh phenomena ought to be chary of coining new words. Their 
hasty multiplication usually implies some additional hypothesis. It is 
characteristic of a false explanation to require an increasing number of 
sub-hypotheses while a real one abolishes a multitude of superfluous 
terms and, displaying a phenomenon as the “functions of known 
variables, by such a disclosure is essentially a simplification.” 


These caustic criticisms to the contrary notwithstanding, it 
probably will be long before the Ehrlichean conception of re- 
ceptors of the second order passes from our texts on bacteriology 
and immunity. However, the phenomenon of agglutination 
has been found to be complex, so complex that the older explana- 
tions and conceptions fit the facts only relatively and poorly. We 
hear now of co-agglutination and conglutination, the fixation of 
complement in agglutination, of acid or hydrogen ion agglutina- 
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tion and precipitation. When we expand and revamp the Ehr- 
lichean terminology to fit the new facts we are in danger of being 
lost in a forest of verbiage. Physical, colloidal, and bio-chem- 
istry have come to our rescue, and have contributed facts which 
will assist us in formulating a better and more consistent con- 
ception of the agglutination phenomenon. I have derived much 
pleasure from a review of some of this work and an attempt to 
correlate and systematize it into a well coérdinated theory, 
drawing in part upon experimental results of my own for illus- 
tration. Other than this illustrative material there is little that 
is new in my discussion. 


A. HISTORICAL 


Investigators who followed the initial discovery of the phe- 
nomenon of bacterial agglutination by Gruber and by Widal 
may be divided into three groups; one, with Ehrlich as leader, 
studied the phenomenon of serum agglutination quite intensively, 
and built up around their observations a relatively complex 
portion of the side chain theory of immunity. Ehrlich, Eisen- 
berg, Volk, Wasserman and others introduced a formidable 
terminology for the phenomena observed. Much of this termi- 
nology proved valuable from both theoretical and practical 
points of view, but there was relatively little effort to base the 
theories upon well recognized laws of colloid chemistry. 

A second group of investigators interested themselves in efforts 
to work out methods of bacterial identification by agglutination 
produced by substances other than the homologous antisera. 
The first of these workers, apparently, was Malvoz (1897, 1899) 
who studied the flocculating effect of many chemicals, and con- 
cluded that the typhoid bacillus was specifically agglutinated 
by formaldehyde. Beco (1899) and others, however, showed 
this reaction to be non-specific. This type of investigation was 
also pursued by Bossart (1898) and by Sabrazes and Banzierés 
(1899), who found many substances which would cause bacte- 
rial agglutination, but none which made practicable the satisfac- 
tory differentiation of species. Michaelis (1911) concluded that 
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the typhoid bacillus in suitable suspension shows a specific ag- 
glutination in a definite hydrogen ion concentration in a suitably 
buffered solution. Beniasch, (1911) extended this observation to 
a large number of other bacteria, concluding that acid agglutina- 
tion could be used as an aid in the recognition of many species. 
Favorable results were secured by many other investigators as 
Rost (1911), Jaffe (1912), Poppe (1912), Schidorsky and Rein 
(1912), Stepanoff (1912), Grote (1913), Sgalitzer (1913), and 
Gillespie (1914). Crendiropoulo and Amos (1904) showed that 
certain salts favored agglutination. Liefmann (1913) believed 
it possible to differentiate bacteria by a process of salting out 
similar to that used with proteins. 

The third group of investigators have approached the subject 
from the standpoint of physical or colloidal chemistry, and have 
attempted to correlate results secured in bacterial agglutination 
with similar non-specific phenomena in chemistry. These writers 
do not use the Ehrlichean terminology, and their results and con- 
clusions do not generally find place in our texts. It seems demon- 
strable however, that they have pursued the course which is 
leading to a logical and satisfactory explanation of the immunity 
phenomena. Among them Bordet (1896) clearly recognized and 
proved that in specific agglutination there are two distinct 
phases, first, the impression or sensitization of the bacterial cell 
by the agglutinins and second the precipitation or agglutination 
of the cells due to the action of salts. He emphasized the fact 
that this agglutination was homologous with the flocculation 
of colloidal solutions by salts. His results were extended and 
confirmed by Joos (1902). Two years later three important 
contributions were made, emphasizing the homology of the 
agglutination reactions with colloidal phenomena. Bechhold 
(1904) carried out a well planned series of tests with mastic and 
with bacteria both sensitized and unsensitized. His work is so 
conclusive and gives such excellent illustrative material for class 
and laboratory demonstration that it is surprising that so little use 
has been made of it. He investigated the activity of various ions, 
showed that bacterial cells carry electric charges, determined the 
agglutinating limits of many substances, and demonstrated both 
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regular and irregular series. Landsteiner and vy. Jagic (1904 
called attention to the analogy between the action of colloidal 
silicic acid and the immunologic reactions. Neisser and Fried- 
mann (1904) duplicated much of the work of Bechhold and 
reached similar conclusions. Zangger (1905) also emphasized the 
complete agreement between the action of immune bodies and 
colloids. Landsteiner and Stankovic (1906) studied the adsorp- 
tion of proteins and the binding of agglutinins. In the same 
year Porges (1906) carried on numerous experiments. In more 
recent years contributions have been made through the work of 
Millen (1909), Bordet and Streng (1909), Dreyer and Douglas 
(1910), Michaelis (1911), Beniasch (1911), Krumwiede and Pratt 
(1912), Michaelis and Davidsohn (1912), Ostwald (1912), Dean 
(1912), Chick and Martin (1912), Landsteiner (1913), Ostwald 
(1913), Schmidt (1913), Tullochs (1914), Walpole (1914), Hof- 
mann (1914) and Priestley (1917). These workers have placed 
our knowledge of bacterial agglutination on a relatively sound 
basis. 


B. WHY DO BACTERIA AGGLUTINATE”? 


Before undertaking a consideration of the question, why do 
bacteria agglutinate, it may be well to ask, why do bacteria not 
agglutinate? An observation of a hanging drop of bacteria will 
usually show either active motility or active Brownian movement. 
Cells constantly collide, or at least approach each other closely, 
then they move apart, apparently repulsing each other, and re- 
main quite uniformly distributed over the field. The factors 
which may have to do with agglutination are the repulsion of the 
cells for each other, the vigor of their movements whereby they 
collide or enter each others sphere of effective influence, and the 
attraction which the cells may possess for each other. Aggluti- 
nation occurs whenever the forces tending to draw these particles 
together are more powerful than those of repulsion. 

Let us first consider the factors which determine the repulsion 
of bacterial cells for each other. It has long been known that 
particles suspended in water usually bear an electric charge. 
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When placed in an electric stream they generally move toward 
the anode, that is, they bear a negative charge; in a few cases the 
charge is reversed and they move to the cathode. Hardy (1899) 
showed that the particles of a colloidal suspension of boiled egg- 
white moved to the anode, but that the direction could be re- 
versed by the presence of suitable electrolytes. This observation 
was extended to bacterial suspensions by Bechhold (1904) who 
found that bacteria whether heated or unheated wandered to the 
anode. This fact has been abundantly confirmed by other in- 
vestigators since. Among these were Neisser and Friedmann 
(1904) Porges (1906), Porges and Prantschoff (1906), Michaelis 
(1909), Beniasch (1911), Schmidt (1913), Landsteiner (1913), 
Arkwright (1914), and Priestley (1917). Apparently suspensions 
of bacteria as ordinarily grown are negatively charged and the 
mutual repulsion of the cells may be due to these charges. 

The occurrence of the phenomenon of flocculation or aggluti- 
nation is in itself evidence that there must exist a force of attrac- 
tion, under certain circumstances at least. This force is probably 
surface tension. If the bacterial cells do not repel each other, 
nor attract each other per se, the phenomenon of surface tension 
explains the fact that they remain together. 

It is evident then, that we have at least a partially adequate 
explanation of why bacteria under certain conditions remain in 
suspension, and why under other conditions they may cling 
together. We may regard the similar electric charge as consti- 
tuting the repulsing agency, and surface tension as the attracting 
agency. A study of the agglutination phenomenon then resolves 
itself into a consideration of the means whereby these two forces 
may be modified, increased or diminished. Agglutination occurs 
whenever the similar electric charges are decreased to amounts 
such that they will no longer overcome the pull of surface tension. 
Or conversely, surface tension may be increased until it over- 
comes the dispersion effect of the similar charges. What are the 
factors which govern the intensity of these forces? 
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C, CATAPHORESIS 


First let us consider methods which may be used to modify or 
even reverse the charge upon bacterial cells. To Hardy (1900) 
we owe a knowledge of the fact that particles of denatured pro- 
teins may be deprived of their charge, that is, rendered isolectric 
with the solution, or may have their charges reversed by the 
addition of electrolytes. Particularly marked was found to be 
the activity of acids, alkalies and salts. After suitable adjust- 
ments it was found that the particles moved neither to anode nor 
cathode, and the particles flocculated. The addition of further 
small quantities of either alkalies or acids caused the particles to 
disperse and acquire the property of traveling in the electric 
field. It is evident then that with certain suspensoids electro- 
lytes will cause flocculation when the particles are made iso- 
electric. Is the same true of bacterial suspensions? Beniasch 
(1911) has shown that a change in hydrogen ion concentration 
to a point where typhoid bacteria agglutinate does not neces- 
sarily neutralize the charge on the bacterial cells, for when 
showing acid agglutination they may still pass to the anode. The 
apparent discrepancy possibly arises from the fact that bacteria 
do not consist of a single colloid and this agglutination may 
represent the isoelectric point of some one of the constituents. 
Arkwright (1914) indeed found that in Bacillus typhosus there 
are two distinct substances agglutinable by acids, and at least 
one of these flocculates at its isoelectric point. We may safely 
conclude that the charge carried by a bacterial cell, or at least 
by its various components, can be altered by additions of various 
substances to the solution. 

It may be accepted then that the presence of electrolytes may 
modify the charge on a bacterial cell. But how? Apparently 
by the adsorption of ions or particles bearing an opposite charge. 
Conversely, the charge on the cell may be due to the various 
substances adsorbed, frequently to the ions. It is necessary that 
there be such an affinity between the positive cation, for example, 
and the negative bacterial cell that the latter will adsorb the 
former. The dispersive force is thus gradually neutralized. 
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D. DENATURATION OR SENSITIZATION 


It should also be noted that the ability of a particle to adsorb 
an ion may be modified. Proteins in particular may be changed 
from a form difficult to flocculate in any electrolyte concentra- 
tion to one flocculated by even slight concentration. Hardy 
(1899) pointed out that coagulation or precipitation of pro- 
teins as a result of hot water involved two quite distinct proc- 
esses; first, a fundamental change in the protein which modi- 
fied its characteristics markedly, and second the agglutination 
of these modified particles under the influence of electrolytes. 
This transformation of a protein he termed the process of dena- 
turation. Apparently, then, it is possible to modify the adsorp- 
tive powers of particles for ions. When this adsorptive power 
is increased we may speak of the process as one of denaturation, 
or when dealing with bacteria, as sensitization. 

Tentatively we may classify the methods of denaturation or 
sensitization under two heads; first, a change in the chemical 
constitution or atomic arrangement, such as that produced by 
heat in presence of water or the action of some chemical; second, 
a change due to adsorption of some substance either a colloid 
or an electrolytic ion which in turn modifies its adsorptive pow- 
ers. Agglutination may be produced by sensitization or dena- 
turation of bacteria so that they will adsorb substances which 
will so modify their electric charges that the dispersive forces 
are weaker than the attracting forces. 


E. FACTORS INFLUENCING AGGLUTINATION 


1. Nature and composition of antigen 


The nature and composition of the antigen are important 
factors influencing agglutination. A suspension of bacteria as 
ordinarily prepared for agglutination tests is a very complex 
mixture. The bacterial cells themselves constitute a suspen- 
soid, and each bacterial cell is in itself a colloid mixture. It is 
apparent that these various constituent colloids may behave 
in a sense independently, and that therefore, the bacteria may 
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show distinct zones of agglutination. Table I gives an example 
of this for meningococci. It will be noted that the particular 
antigen shows flocculation at Pu values of 3.0 and 5.0. This 
phenomenon was apparently first shown for B. typhosus, by 
Arkwright (1914) who found one zone of specific agglutination, 


TABLE 1 


Effect of variation in concentration of antigen on agglutination by hydrogen ions 
Suspension of washed meningococci in distilled water. Turbidity of suspensions 
given in silica standard equivalents. 56° for thirty minutes. Twenty hours at 


room temperature. 4 = Complete agglutination. 0 = No. agglutination 





| DILUTION OF ANTIGEN 














Pu VALUES a - seumibanetiagin ——— — 
1000 p. p. m. 500 p. p. m 250 p. p.m 
2.2 3 3 2 
2.4 4 4 4 
2.6 4 4 4 
2.8 4 4 + 
3.0 4 4 4 
3.2 4 4 4 
3.4 4 4 4 
3.6 3 4 3 
3.8 3 2 2 
4.0 2 2 0 
4.2 1 0 0 
4.4 0 0 0 
4.6 0 0 0 
4.8 2 1 0 
5.0 3 2 1 
5.2 1 1 0 
5.4 0 0 0 
5.6 0 0 0 
5.8 0 0 0 
6.0 0 0 0 








at an hydrogen ion concentration of 3.6 x 10-°N and another, 
apparently non-specific, at a concentration of 1.1 xk 10-*N. 

It is probable that in spite of the complexity of the bacterial 
cell a comparatively small number of colloids are responsible for 
the reactions incident to agglutination. 

Marked differences are to be observed in the agglutination of 
capsulated and non-capsulated bacteria due apparently to the 





ea.” 


PP A I 











82 R. E. BUCHANAN 


inhibiting influence of the capsular material itself. This is 
particularly well shown in the difficulty encountered in produc- 
ing agglutination of Friedlander’s bacillus. That this difficulty 
is due to the capsule was shown by Porges (1905), who succeeded 
in agglutinating the organism after hydrolysis of the capsule. 
Streit (1906) found that Friedlander’s bacillus grown at 8°C. 
was drier, produced less capsular material and was more easily 
agglutinable than when grown at blood heat. Beham (1912) 
showed that agglutinin formation takes place in animals injected 
either with capsulated or non-capsulated strains, but can best be 
demonstrated with the occasional capsuleless cultures developed. 

Inagglutinable strains of non-capsulated bacteria which are 
usually readily agglutinable have been frequently described. 
Weeney (1899) reported decided differences in agglutinability 
among typhoid races, particularly those from bile. Rodet 
(1899) isolated from the spleens of three typhoid cadavers bac- 
teria which were not agglutinable when first cultivated, but 
finally became so. This experience was duplicated by Sacquépee 
(1901). Bail (1902) claimed that typhoid cells from the peri- 
toneal exudate of a guinea pig showed decreased agglutinability. 
Cole (1904) found that inagglutinable bacteria bind less agglu- 
tinin than agglutinable bacteria. Kirstein (1904) cites many 
instances of inagglutinable bacteria. Ficai (1912) emphasized 
that freshly isolated vibrios do not agglutinate as well as the 
older laboratory strains. Reimer (1913) demonstrated a defin- 
nite diminution of agglutinability in typhoid grown on alkaline 
agar. MelIntosh and McQueen (1914) found that an inagglu- 
tinable strain of typhoid had normal antigenic powers in pro- 
duction of anti-typhoid serum, and that it absorbed agglutinins 
though it did not agglutinate. 

On the other hand bacterial cultures are frequently noted that 
are hyper-agglutinable. Kirstein (1904) found that typhoid 
bacilli when grown on asparagin agar became spontaneously 
agglutinable in salt solution. Neisser and Friedmann (1904) 
and Bechhold (1904) concluded that spontaneously agglutinat- 
ing bacteria lack some substance, perhaps a protein, that is 
responsible for the inhibition of flocculation in normal cultures. 
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Friedberger and Liirrssen (1905) found spontaneous agglutina- 
tion to be identical in appearance with serum agglutination. 
They also noted the important fact that it takes place only in 
the presence of salts, not in distilled water. Porges and Prant- 
schaff (1906) showed that bacteria that were spontaneously 
agglutinable still combined with agglutinin. Porges (1906) also 
showed that an excess of agglutinating serum inhibits the 
agglutination of spontaneously agglutinable strains. MeGregor 
(1910) found that meningococci grown for more than forty-eight 
hours became easily agglutinable, flocculation occurring in phys- 
iological salt solution or in normal serum. Kabeshima (1913) 
noted that old cholera bacilli frequently showed spontaneous 
agglutination. The agglutinins were adsorbed by these cells as 
well as by normal ones. Dilution of the salt prevented non- 
specific or spontaneous agglutination. Verzai (1917) found a 
typhoid organism in urine which agglutinated spontaneously in 
physiological salt solution. Even after six weeks cultivation it 
still showed this peculiarity. He showed, however, that specific 
serum agglutination could be secured with a salt solution one- 
fourth the strength of physiological salt solution. 

The antigen will contain varying quantities of products of 
growth and metabolism, and frequently also the products of 
more or less complete cell autolysis. These are the substances 
of import in the specific precipitation test as differentiated from 
agglutination. It seems probable that in some cases at least 
they are identical with the agglutinable constituents of the cells 
themselves. This is borne out by the experiments of Arkwright 
(1914). It is possible to wash bacteria until they lose a large 
part of their specific agglutinability. 

The conditions under which bacteria are grown, the exact 
method of preparing the antigen, together with unexplained 
variations in the bacteria themselves, all may have their effect 
upon agglutinability. In a few cases this may even influence 
the development of agglutinins in the immunized animal. The 
experiments by Bordet and Sleeswijk (1910) on pertussis may be 
cited. Gay and Claypole (1913) found that socalled blood and 
bile strains of typhoid did not agglutinate with anti-typhoid 
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serum, although they absorbed it. They agglutinated however 
with the homologous antiserum. 

Concentration of the antigen is of marked importance in the 
agglutination phenomenon. As will be noted later, this effect 
is manifested either when the precipitating agency is an elec- 
trolyte or a colloid, though in different ways. Porges (1906) 
with a suspension of typhoid secured partial agglutination in 
undiluted antigen by 30 per cent saturation with (NH,).SO,, 
but not in higher dilution. Examples of this effect with a men- 


TABLE 2 


Agglutination of meningococcus by calcium chlorid. Effect of dilution of antigen. 
Suspension of washed meningococci in distilled water. Incubated at 56°C. for 
twenty hours 





STRAIN OF ANTIGEN 

















DILUTION or } a | 
CaCl ow 59 60 
1000 p. p. m.| 500 p. p.m. | 1000 p. p. m.| 500 p. p. m. 1000 p. p. m.| 500 p. p. m. 

M/2 0 0 0 0 0 0 
M/4 0 0 0 0 0 0 
M/8 0 0 0 0 0 0 
M/16 0 0 0 0 1 0 
M/32 2 0 0 0 3 3 
M/64 3 2 0 0 4 4 
M/128 3 2 0 0 4 4 
M/256 1 0 0 0 4 2 
M/512 0 0 0 0 1 0 
M/1024 0 0 0 0 0 0 
M /2028 0 0 0 0 0 0 

















ingococcus antigen are illustrated in table 1 with varying hydro- 
gen ion concentration and in table 2 with CaCh. With cerous 
nitrate, in dilution of 1000 parts per million complete aggluti- 
nation occurred in two ranges, from M/20 to M/40 and from 
M//640 to M/2560 and in 250 parts per million complete agglu- 
tination occurred at M/20 and in the range M/2560 to M/5120 
(see table 3). These facts were well illustrated by Buxton and 
Rahe (1909). These investigators differentiated clearly between 
two distinct types of flocculation of colloids; the electrolyte type 
in which dilution of the colloid has no effect upon the flocculation 
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limits, and there is no relation between the concentration of the 
electrolyte and the concentration of the colloid; and the colloidal 
type resulting from the flocculation of one colloid by another of 
opposite sign, in which the flocculation limits are dependent 
upon the relative concentration of the two colloids, i.e., if either 
colloid is much in excess there is no flocculation. Miller (1909) 
observed that the zone of inhibition of sera contianing so-called 
agglutinoid varies with density of the bacterial suspension, the 
more concentrated the antigen the lower the dilution of the 
TABLE 3 


Agglutination of meningococcus by cerous nitrate Effect of dilution of antingen 
Suspension of washed me ningococet in distilled water Incubated at 56°C for 


twenty hours 


STRAIN OF ANTIGEN 


DILUTION OF 





Ce( NOs): 56 60 
| 1000 p. p.m.| 500 p. p.m 250 p. p.m. | 1000 p. p.m.) 500 p. p.m 250 p. p.m 

M 20 { { { 1 { ' 
M /40 3 3 l 4 H 3 
M_'80 2 | 2 | I 3 | 2 | 1 
M/160 0 | 0 0 | o | = 0 
M/320 ia 0 o | o | o | 0 
M/640 4 | o | 0 o | o | 0 
M/1280 4 4 0 4 4 0 
M /2560 4 | 4 | { { 4 | 4 
M //5120 o | 1 ‘ o | { ‘ 
M/10240 0 0 0 0 0 3 
M/20480 | 0 0 0 0 0 0 





serum in which agglutination will occur. He concluded that this 
similarity to colloid flocculation rendered unnecessary the 
postulation of the existence of agglutinoids. 

Beniasch (1911) calls attention to the fact that Hofmeister 
(1888) found a definite relationship between the size of the 
precipitating doses of the light metals and the dilution thresh- 
old characteristic of the protein itself. The minimal precipi- 
tating doses of such salts decreased with diminution of the con- 
centration of the protein, while the maximal dose remained the 
same for all concentrations. Porges has shown a similar rela- 
tionship for bacterial suspensions. 
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2. Adsorption of other colloids 


It may be emphasized at this point that there are two some- 
what variant current conceptions of bacterial agglutination. 
According to one view, bacterial cells determine the agglutina- 
tion, they themselves repel or attract. The other conception 
is that a precipitation of some extraneous substance occurs, and 
the bacteria are carried down mechanically. It is not improb- 
able that both conceptions are necessary to a complete explana- 
tion of the phenomenon under differing conditions. From the 
foregoing discussion it is apparent that the phenomenon of 
adsorption is in either case quite fundamental in any considera- 
tion of agglutination. 

a. Colloids which agglutinate per se. Attention has _ been 
called to the fact that antigen may adsorb either colloids or 
electrolytic ions or both. Let us first consider the adsorption 
of colloids. 

The adsorption of colloids by antigen may influence the course 
of agglutination in any one of several ways. It may favor the 
agglutination directly or indirectly. It may cause agglutination 
per se, it may increase the adsorption of some other colloid, or 
it may increase flocculability by salts and other electrolytes. 
In some cases it may have the opposite effect, decreasing 
the adsorption of other sensitizing colloids or flocculating 
electrolytes. 

Numerous examples of colloids which agglutinate bacteria 
per se have been described in the literature. One well marked 
characteristic of the agglutination by the interadsorption of two 
colloids may be noted. An excess of either colloid beyond a 
definite proportion interferes with or prevents agglutination. 
If one colloid, as antigen, be diluted, the precipitating colloid 
must also be diluted. This gives rise to a so-called irregular 
series of Bechhold. Among the substances which have been 
found to flocculate bacteria in this manner are certain of the 
aniline dyes, hydroxids of some metals, and possibly certain 
sera. Aniline dyes in aqueous solution in general behave as 
colloids and have been used for bacterial agglutination by sev- 





AGGLUTINATION 87 


eral writers. Blachstein (1896) suggested the use of chrysoidin 
as a specific precipitant for the cholera vibrio, though Engel 
(1897) found its action not to be specific. Malvoz (1896) 
found that B. typhosus was not agglutinated by this dye, though 
he notes that safranin and vesuvin do produce agglutination in 
dilutions as high as those shown by a potent serum. McIntosh 
and McQueen (1914) found that serum-agglutinable and non- 
agglutinable strains of typhoid were agglutinated by saffranin * 
in dilutions up to 1 in 3000. 

The hydrosols of metallic hydroxids usually agglutinate bac- 
teria, as well as other hydrosols bearing opposite charges. Biltz 
(1904) arranged a large number of hydrosols in two columns. 
When mixed in proper proportion those of one column would 
agglutinate those of the second. He also showed that the same 
type of irregular series occurs with bacteria and serum. It had 
previously been noted that dilute solutions of salts of iron, 
aluminium, cerium, etc., showed the characteristic colloidal 
irregular series as a result of the hydrolysis of the salt. 

There are occasional records of other colloids showing an 
agglutinating action. For example, Trumpp (1898) succeeded 
in agglutinating cholera vibrios with various gum and starch 
solutions. It has already been noted that Bordet (1899) first 
showed the action of the agglutinin to be a sensitization of the 
cell to the action of salt. There is some evidence however, that 
the agglutinin may itself cause agglutination. For example, 
Porges (1906) dialyzed both typhoid bacteria and a potent anti- 
serum until they were chlorin free and found agglutination 
would occur with a 1-10 dilution of serum but not in higher 
dilution unless salt was present. A similar fact is shown in 
chart I, though it is probable in this case that the undialyzed 
immune serum contained sufficient salt to cause agglutination 
of the sensitized cells. 

Apparently the socalled specific agglutinins are colloids, 
which are taken up by bacteria in accordance with the laws of 
adsorption. Dreyer and Douglas (1910) studied the absorption 
of agglutinins by bacteria and the application of physico-chemi- 
cal laws thereto. They determined that if an agglutinating 
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serum in different concentrations is treated with a constant 
number of bacteria, the amount of bound agglutinin from suc- 
cessive increments of serum progressively decreases and finally 
sinks to zero. 

The amount of adsorption of one colloid by another may be 
markedly influenced by the presence of other substances in 
solution. In some cases it is possible to bring adsorbed sub- 
stances back into solution by the addition of proper solutes, 
and thus to demonstrate the reversibility of the union. This 
reaction has been well worked out for hemolytic amboceptor by 
Kosakai (1918). He showed that this substance was removed 
from sensitized blood cells by an isotonic solution of sucrose, 
glucose, or lactose, Furthermore, it was found possible to 
sensitize the red cells with amboceptor, and by washing thor- 
oughly, remove most of the amboceptor from the cells. In this 
way a highly purified amboceptor was secured. Apparently 
this has not been attempted with bacterial agglutinins, but it is 
entirely possible that they might be secured by a similar 
procedure. If so, it would constitute an excellent method 
for securing material for a more accurate study of their 
characteristics. 

It has already been emphasized that the principal action of 
the adsorbed agglutinin is to render the sensitized cell flocculable 
by electrolytes. This was clearly shown first by Bordet (1899) 
and verified by Joos (1904) and many other investigators. This 
fact will be discussed more at length under the heading of elec- 
trolyte adsorption. 

b Colloids which influence adsorption of other colloids. In 
some cases, the result of adsorption of specific agglutinin is de- 
cidedly more complex. It has been shown, for example, that 
adsorption of agglutinins may lead to greatly increased adsorp- 
tion of certain non-specific serum proteins which in turn increase 
the adsorption of ions. The specific agglutinins sensitize to 
the serum protein, and this to the ions. Dean (1912) prepared 
socalled ‘‘complement fractions’ from guinea pig serum by the 
method of Liefmann, and demonstrated that the action of anti- 
sheep (red blood corpuscles) sera or anti-typhoid sera were 
greatly increased in potency by the globulin (mid-piece) fraction. 





AGGLUTINATION S9 


Still more complex apparently is the phenomenon of conglu- 
tination. In this case the adsorption of the specific agglutinin 
increases the adsorption of a second colloid of ox serum, the 
conglutinin, which in turn sensitizes to a third colloid, comple- 
ment, which is adsorbed and apparently sensitizes to the action 
of electrolytes. Muir and Browning (1906) found that the ability 
of anti-ox corpuscle serum from the rabbit to agglutinate ox red 
blood cells was greatly increased by fresh ox serum. Bordet 
and Gay (1906) also noted the marked agglutinative power of 
ox serum for sensitized red cells. This property was lost by 
heating the ox serum to 56°, but was restored by the addition 
of the complement. Bordet concluded that three distinct factors 
are: involved; the action on the corpuscles of first, the specific 
serum, second the ox colloid, and third the fresh serum or alexin. 
Bordet and Streng (1909) named this ox serum constituent, 
conglutinin, and concluded that it did not need to be fixed on 
the cells that were conglutinated. Streng (1909) extended con- 
glutination studies to bacteria. He found that by the use of ox 
serum and complement he could secure marked agglutination 
of bacteria in a dilution of the homologous antiserum by itself 
too weak to produce any trace of agglutination. When dialyzed, 
the agglutinin was precipitated with the globulin. Rankine 
(1910) also separated agglutinin and conglutinin. Hirvisalo 
(1913) noted that socalled exudate bacteria were vigorously 
clumped by normal cattle serum which had been deprived of 
normal agglutinins by previous treatment. This does not occur 
with the ‘‘native” typhoid; and evidently involves a conglutinin 
reaction. 

The phenomenon of conglutination should not be confused 
with the co-agglutination of Bordet and Gengou (1911). These 
authors found that when a mixture of antigen and homologous 
antibody are added to a suspension of guinea-pig corpuscles, the 
latter are agglutinated. The sera used were heated to 56°C. to 
destroy the alexin. This reaction was obtained in all the antigen- 
antibody systems used, though it occurred only if a considerable 
excess of antigen was present and was best shown when the cor- 
puscles were mixed with the antigen and the antibody then added. 
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These tests evidently show that corpuscles may adsorb specific 
substances from cultures which render them susceptible to 
agglutination. 

c. Colloids which desensitize. The adsorption of a colloid may 
render the suspensoid less sensitive to various ions, that is, it may 
tend to desensitize. Bechhold (1904) for example showed that 
gelatin added to mastic suspension inhibited agglutination. 
From this he concluded that bacteria behave like suspensions 
possessing an albumenlike envelope, which protects the bacteria 
from flocculation with the salts of alkaline metals, for he found 
that the filtrate from twelve-day typhoid culture inhibited mastic 
flocculation. However, neither sensitized nor unsensitized cells 
changed their agglutinability in the presence of gelatin. Porges 
and Prantschaff (1906) concluded that spontaneously aggluti- 
nating bacteria lack the suspending action of proteins. Tulloch 
(1914) used 10 per cent alcohol and 1 per cent gelatin to deter- 
mine the effect of differences in intrinsic pressure and internal 
friction on sensitized bacteria, but concluded that they were 
without influence. 


3. Adsorption of non-electrolytes 


The adsorption of non-electrolytes (not colloidal) may in some 
cases bring about agglutination. Malvoz (1897) found that sus- 
pensions of typhoid bacilli in distilled water were agglutinated 
by formalin, hydrogen peroxide and strong alcohol, but not with 
chloroform or phenol. He concluded that specific differences 
could be demonstrated between B. typhosus and B. coli by 
formaldehyde agglutination. His students, Lambert and Bossart 
(1898), could find no chemical substance that like cholera 
serum agglutinated specifically. Remy (1900) concluded the 
Malvoz formaldehyde agglutination was not strictly specific. 
A review of these articles seems to lead to the conclusion that in 
many of these instances the immediate action of the non-elec- 
trolyte is a denaturation. Gelatin, for example, is changed 
from a hydrophilic colloid to a suspensoid, easily flocculated, by 
the addition of formaldehyde. Apparently studies of bacteria 
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free from salts have not been made to determine these inter- 
relationships. In this connection it is of interest to note that 
in certain types of chemical reaction Bayliss (1911) has found 
adsorption to be an essential preliminary. 


4. Adsorption of electrolytes 


a. Hydrogens ions. Most important as the apparent immedi- 
ate cause of agglutination is the adsorption of cations by the 
bacteria. Studies thus far made show little effect of various 
anions, though that they are entirely without influence is scarcely 
probable. However, the influence may be disregarded for pur- 
poses of a general discussion. 

We may, for convenience, discuss this effect under the heading 
of concentrations of hydrogen ions, and of ions of univalent, 
divalent, trivalent and polyvalent bases. 

Bechhold (1904) noted that acids are very active in producing 
agglutination, the most powerful being those most strongly 
dissociated, such as HCl. The weak amidobenzoic acid floc- 
culates poorly, while acetic acid is intermediate in its action. 
He found that M/1000 HCl or H,SO, agglutinated unsensitized 
and M/2000 sensitized bacteria. With ortho-amido-benzoic acid 
5M_/1000 was required for both sensitized and unsensitized cells. 
Michaelis (1911) found that in a series of solutions with varying 
hydrogen ion concentration but constant salt content he secured 
flocculation with B. typhosus, at a hydrogen ion concentration 
of 4 x 10-5 N. Beniasch extended these observations to a large 
number of bacteria. For B. typhosus he found maximum floccu- 
lation at P,, = 4.45, though some variation with different strains 
was detected. In the B. enteritidis series two subgroups were 
described with optima at P, = 3.86 and P, = 2.66. With B. 
coli and B. dysenteriae he could detect no acid agglutination 
between P,= 7 and P, = 2. He concluded that the acid ag- 
glutinable substance of the bacterium is identical with the sub- 
stance agglutinated by the specific serum. These findings of 
Michaelis and Beniasch have been verified by many subsequent 
studies. Michaelis and Davidsohn (1912) concluded that specific 
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serum agglutination could not be explained upon the basis of 
affinity due to electric charges. They found that the more con- 
centrated the agglutinin, the less was the agglutination dependent 
upon the hydrogen ion concentration. Ostwald (1913) and Land- 
steiner (1913) urge that Michaelis and Davidsohn (1911) do 
not prove their point and have not invalidated the colloidal 
theory of immunity reactions. Krumwiede and Pratt (1912) 
also note that specific serum agglutination occurs over a wide 
range of P, values. They found, however, that sensitized bac- 
teria would agglutinate in tube 1 of a Michaelis series and to a 
much higher serum dilution than with salt solution. McIntosh 
and McQueen (1914) showed that typhoid bacilli agglutinable 
with serum as well as non-agglutinable strains were both clumped 
by a hydrogen ion concentration of 3.5 x 10->*to 8 X 10> N. 
They contend that this does not support the view of Beniasch 
that agglutination by acid and serum depend upon the same 
factors. 

Gillespie (1914) used one of the Michaelis series with pneu- 
mococci, and found decided salt interference with aggluti- 
nation by acid in some cases. Young cultures of type I 
gave a narrow zone of agglutination with optimum hydrogen 
jon concentration of 5.5 to 11 x 10-* N; ten strains of type II 
reacted to 22 x 10-*. Ten strains of atypical pneumococci 
showed great variation. The atypical forms were uniformly 
lacking in salt susceptibility. Attention may be again called 
to table I, showing the range of acid agglutination with the 
meningococcus. In summary, it may be stated that although 
numerous attempts have been made to use acid agglutination 
as a specific test for the differentiation and recognition of bac- 
teria, the method has apparently not found favor, and has not 
replaced the use of specific antisera. 

b. Univalent cations. Bechhold (1904) regards univalent ions 
of the alkaline metals as of little significance in the agglutination 
of unsensitized bacteria. Mastic suspension, which is more 
sensitive, he found flocculated by high concentrations, as for 
example, M/1 NaCl. Typhoid cells, sensitized and washed, 
were flocculated by 0.025 N NaCl. Similar results were 
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secured by Neisser and Friedemann (1904). Crenderopoulo and 
Amos (1904) showed evidence of antagonistic action of sodium 
and potassium salts. Eisenberg and Volk (190-) studied the 
effect of various salts on agglutination of sensitized cells, and con- 
cluded that sodium chlorid favored, while potassium chlorid inhib- 
ited such agglutination. Porges and Prantschoff (1906) dialyzed 
spontaneously agglutinable typhoid organisms, and found that this 
treatment somewhat decreased their agglutinability with salts. A 
trace of agglutination was secured with N /8 NaCl and complete 
agglutination with N/2 NaCl. KCl, KNO; and NaNO, all 
required equivalent concentrations. Porges (1906) tested un- 
sensitized cholera bacteria with (NH,) SO, and secured partial 
agglutination with 20 and 30 per cent saturation and complete 
with 40 per cent. Typhoid bacilli showed partial agglutina- 
tion at 40 per cent saturation and complete agglutination at 50 
per cent; B. coli gave partial agglutination at 40 per cent and 
complete agglutination at 60 per cent. Friedlander’s bacillus 
was agglutinated partially at 60 per cent and completely at 70 
per cent. It may be noted that about the same series would be 
secured by rating these bacteria on the basis of ease of agglutina- 
tion with specifie sera. 

Verzar (1917) studied the reaction of a typhoid strain showing 
socalled spontaneous agglutination in physiological salt solution. 
He found that by diluting the salt solution to one half or one 
quarter its strength, he no longer secured spontaneous aggluti- 
nation but could get specific agglutination with antisera. 

Porges (1906) mixed dialyzed bacteria and dialyzed antiserum 
1-100 and determined the concentration threshold of numerous 
cations necessary for flocculation. With NaCl, KCl, KNO, 
NH,NO; it was M/500, with NasSO, M/1000, K.SO, 1/1500, 
(NH,).SO, M/1200. It will be noted that apparently the anion 
is without effect, and the cations Na, K and NH, are about 
equipotent. 

Tulloch (1914) studied the effect of the electrolyte upon the 
titreofaserum. He tried NaCl, NaF, Na.SO,, Ka,SO, Na,HPO,, 
BaCl, and Na;Cit, equimolecular with 0.9 per cent NaCl; all 
caused agglutination with dilution of 1-S8000 of serum, and 
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not 1-16,000. Salts which hydrolize to produce OH ions do 
not agglutinate. Chart I gives the results secured with various 
concentrations of antimeningococcic serum, sodium chlorid and 


TABLE 4 


Agglutination of meningococcus cells sensitized with immune serum and washed. 
Antigen no. 60. Turbidity 500 parts per million. Incubated at 56°C. twenty 
hours 



































act | AScetmr | Cac | Atmer | cacons | Sucter’ | samen | Agetem 
M/2 3 M/2 4 M/20 4 1/4 4 
M/4 3 M/4 4 M/40 ? 1/8 3 
M/8 3 M/8 4 M/80 0 1/16 1 
M/16 4 M/16 a M/160 0 1/32 0 
M/32 4 M/32 4 M/320 0 1/64 0 
M/64 3 M/64 4 M/640 0 1/128 0 
M/128 3 M/128 4 M/1280 0 1/256 0 
M/256 0 M/256 4 M/2560 0 1/512 0 
M/512 0 M/512 3 M/5120 3 1/1024 0 
M/1024 0 M/1024 2 M/10240 4 1/2048 0 
M/2048 0 M /2048 0 M/20480 1 1/4096 0 
M/4096 0 M /4096 0 M /40960 0 1/8192 0 
TABLE 5 


Agglutination of meningococci with ammonium sulfate. Comparison of sensitized 
and nonsensitized cells. Strain no 55. 





CONCENTRATION (NH,4)2S0, SENSITIZED CELLS UNSENSITIZED CELLS 





2M 4 4 
M/1 4 4 
M/2 3 2 
M/4 3 1 
M/8 3 1 
M/16 4 0 
M/32 4 0 
M/64 4 0 
M/128 4 0 
M/256 2 0 
M/512 0 0 
M/1024 0 0 











meningococcus antigen. It is evident that an excess of sodium 
chlorid inhibits the specific agglutination. The explanation of 
the form assumed by the area showing complete agglutination 
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is apparently not a simple one. Strangely enough in certain 
concentrations of NaCl a decrease in the concentration of the 
serum increases the agglutination. 

Table 4 shows the behavior of sensitized washed meningococci 
in the presence of different dilutions of various salts. 

Table 5 shows the agglutination of both sensitized and un- 
sensitized washed meningococci with ammonium sulphate. 


3. Divalent cations 


Bechhold (1904) found divalent bases stronger as agglutinating 
agencies than univalent ones. The salts of the alkaline earths 
such as barium chloride acted on mastic but not on normal bac- 
teria, sensitized bacteria were flocculated in a dilution of 5 
M/1000. Zine sulfate and zinc nitrate agglutinated sensitized bac- 
teria to a dilution of M/1000 and unsensitized bacteria to M /100. 
Other divalent metals showed high agglutinating power, varying 
from M/10,000 with sensitized to M/400 with unsensitized 
cells. Malvoz (1897) secured agglutination of typhoid bacilli 
in distilled water with 0.7 parts per thousand of mercuric chlorid. 
Crenderopoulo and Amos (1904) found that sensitized cholera 
vibrios agglutinated well with CaCl, 1 part to 10,000, this being 
five times as dilute as the effective solution of NaCl. Porges 
(1906) calculated that magnesium ions were about ten times as 
potent as univalent ions in producing flocculation of sensitized 
typhoid cells, the threshhold values being for MgCl, M/7500, 
for Mg(NO;)2 M/5000 and for MgSO, M/10,000. He argues that 
inasmuch as magnesium salts will not salt out this organism 
from normal suspensions, the mechanism must be different with 
sensitized bacteria. 

Liefmann (1913) attempted to find specific differences among 
organisms by ‘“‘salting out,” particularly with MgSO,. Para- 
typhoid bacilli of the Girtner type he found to be flocculated 
by 80 per cent saturation, but neither B. typhosus nor B. coli; the 
latter form was usually not salted out even with 90 per cent 
concentrations. I have found no record of agglutination of 
unsensitized bacteria by salts of calcium. I was therefore sur- 
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prised to secure with»meningococcie antigen the results given 
in table 2. It will be noted that with some strains a zone of 
complete agglutination at about M/64 is manifest. Either 
excess or deficiency of calcium ions may apparently inhibit floc- 
culation. It is possible that other bacteria will show similar 
results upon further study. 


4. Trivalent bases 


Bechhold (1904) found the trivalent bases to be particularly 
powerful agglutinants. Iron and aluminium sulfate were found 
to flocculate in dilutions of M/10,000, fives time as dilute as a 
solution of HCl giving similar agglutination. Bechhold secured 
a very good example of an irregular series with both sensitized 
and unsensitized bacteria and Fe,(SO,);, and also with sensitized 
bacteria and PtCl,. These irregular series were observed only with 
trivalent salts that showed strong hydrolysis, the colloidal iron 
oxid in the inhibition zone apparently preventing the flocculation. 
Neisser and Friedemann (1904) showed that when a cation shows a 
variable valence in its salts, its agglutinative power is in accord- 
dance with the higher valence. Burton and Rahe (1909) also 
emphasize that with salts of the trivalent metals, on account of 
hydrolytic dissociation there is a combination of the electrolyte 
type and colloidal type of flocculation giving rise to irregular 
series. 

Table 3 illustrates the mixed agglutination series secured with 
meningococci and cerous nitrate. 


5. Polyvalent bases 


Bechhold (1904) used PtCl, finding its threshhold at about 
five times the concentration of iron. Tulloch (1914) found that 
TaCl,; gave a zonal agglutination. In some of my own work I 
have found that iridium chloride, IrCh, gives a regular agglu- 
tination series, and in relatively high dilutions. 

Perhaps in a distinct category should be noted the precipitating 
power of certain organic salts particularly salts of the alkaloids. 
Sabrazes and Brenques (1899) noted that salts of quinine and 
atropine cause agglutination. 
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6. Re lation of vale nce to power of agglutination 


Bechhold (1904) first emphasized that with bacteria as with 
proteins, the power of a cation to cause flocculation increases 
with the valence. The same observation has been made by 
many subsequent writers. One of the best demonstrations of 
this fact is that of Tulloch (1904) who found that with sensitized 
cells NaCl and KCl gave agglutination to 0.002 N, while CaCl, 
StCl, BaCl and MgCl, were all active up to 0.0004 N. He 
agrees with previous writers that the agglutinating activity of 
an electrolyte depends on the valency of the cation. He com- 
pared the effect of NaCl, BaCl and LaCl, on sensitized cells 
with the following results. The highest dilution of the salt 
showing agglutination is given. 

Sensitized.... .NaCl 0.004 N BaCl, 0.0004 LaCl, 0.00003 

Unsensitized. NaCl 0.004 N BaCl, 0.0004 LaCl, 0.00003 


Tulloch concluded that the law of increased activity of cations 
with increase in valence, 1 : x : x*as suggested by Linder and Picton 
(1895) held at least, approximately. Salts with polyvalent 
cations behave differently from those of mono and divalent 
cations. Apparently they are as active in the agglutination of 
unsensitized as sensitized bacteria. 


?. Denaturation or sensitization by non-colloids 


Several instances are on record of the sensitization of bacteria 
to the action of an electrolyte by the action of a non-electrolyte. 
For example, Bechhold (1904) found that bacteria treated with 
alcohol and washed were agglutinated by strong NaCl, and by 
even relatively weak dilutions of divalent cations. The same 
author also showed that bacteria could be sensitized by contact 
with lead acetate or uranyl acetate followed by washing. Imai 
(1912) studied the effect of osmium on bacterial agglutination 
and found the osmated bacteria more strongly agglutinated 
than normal. 

Tulloch (1914) sensitized bacteria with aluminium and studied 
the flocculation with various salts. The agglutination thresh- 
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hold of th® sensitized bacteria for the various salts were as 
follows: NaCl N/200; BaCl, N/2000; LaCl; N/5000; Ce.Cl; 
N/10,000; AIC]; N/500 negative zone and N/1000 to N/10,000 
positive. With unsensitized cells the results were as follows: 
NaCl, all negative; BaCl., all negative; LaCl; N /5000; Ce.Cl; 
N /20,000; AIC]; N /1000 negative and N /2000 positive; N /20,000 
positive and N /40,000 negative. 


8. Graphic representation of action of mixtures 


Probably one of the fertile fields for investigation will prove 
to be a study of the effect of varying two or more of the constitu- 
ents of the mixture which under certain conditions may cause 
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Cart I. AGGLUTINATION oF MENINGOCOCCUS BY VARIOUS MIXTURES OF IMMUNE 
Serum AND Soprum CHLORID 


Antigen no. 60. Turbidity 500 parts per million. Incubated at 56°C. for 
twenty hours. 
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agglutination. This has been done for typhoid bacteria, anti- 
typhoid sera and various electrolytes by several writers. 

Porges (1906) dialyzed typhoid bacteria and the homologous 
antiserum until chlorin free. With serum in dilution of 1-10 
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Crart II. AGGLUTINATION OF MENINGOCOCCUS BY VARIOUS MIXTURES OF 
ALUMINIUM CHLORID AND HyprRocuLoric Acip 


Antigen no. 55. Turbidity 500 parts per million. Incubated at 56°C. for 
twenty hours. 


he secured agglutination without NaCl, but not in any higher 
dilution. N/500 NaCl gave partial agglutination with a di- 
lution of 1-500 of serum and N/50 NaCl, partial agglutination 
with 1/5000 dilution of serum. The general rule deduced was 
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that with increasing amounts of agglutinin the amount of salt 
necessary to agglutination decreases. Tulloch (1914) studied 
the relationships between concentration of serum and of elec- 
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Cuart III. AGGLUTINATION oF MENINGOCoccUS By VARIOUS MIXTURES OF 
ALUMINIUM CHLORID AND Soprum CHLORID 


Antigen no. 59. Turbidity 500 parts per million. Incubated at 56°C. for 
twenty hours. 


trolytes and came to similar conclusions. He used both NaCl 
and BaCl:. 

Walpole (1914) has introduced a valuable diagrammatic method 
of studying the effect of varying the concentration of two differ- 
ent substances on the flocculation of a sol, which he applied to 
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the effect of varying gelatin and acid concentration upon the 
flocculation of an oil emulsion. An understanding of the effects 
of various combinations upon bacteria will be facilitated by 
pursuit of a similar method. 

Chart I illustrates this method as applied to variable anti- 
serum and variable sodium chlorid concentrations on meningo- 
coccic antigen. 

Chart II plots the agglutination of a meningococcus antigen 
by varying proportions of aluminium chlorid and hydrochloric 
acid. This chart shows zones of agglutination by hydrogen 
ions, by aluminium ions, and by the aluminium hydrate, and 
zones of increased agglutination due to the combined action of 
hydrogen and aluminium ions. Areas are also shown in which 
there is inhibition by the aluminium of acid agglutination, and 
others in which the acid inhibits the action of the aluminium. 

Chart III illustrates similar facts for various mixtures of 
aluminium chlorid and sodium chlorid. 


CONCLUSIONS 


There is ample justification for the conclusion that bacterial 
agglutination is a colloidal phenomenon that can best be studied 
in the light of the modern work on colloidal and physical chem- 
istry. There is real need for intensive study of the complex 
inter-relationships of the factors which govern this phenomenon 
that they may be more clearly understood, and the diagnostic 
use of agglutination put upon a more scientific, rather than a 
purely empirical basis. 
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I. THE DESCRIPTIVE CHART AND ITS PURPOSE 


Since 1905 there has been in existence, with occasional modi- 
fication, a chart endorsed by the Society of American Bacteriolo- 
gists for recording the characteristics of bacterial cultures. 
Recent literature, however, indicates that some confusion exists 
as to the purpose of this chart. This confusion was well illus- 
trated at the 1917 meeting of the Society, the discussion called 
forth by the report of this committee showing that a number of 
bacteriologists have ideas as to the object of the chart different 
from those held by the present members of the committee. The 
confusion is natural, for each change in the membership of the 
committee has caused the chart to develop along slightly new 
lines; and even the early members of the committee have gradu- 
ally changed their ideas as the result of later experience. It 
seems desirable, therefore, to restate the purpose of the descrip- 
tive chart. 

The first bacteriologists to devise descriptive charts did so on 
individual initiative and apparently had in mind merely the 
concise description of their cultures preliminary to publication. 
An examination of the cards of Gage and of H. W. Conn! suggests 
that nothing further than this was expected of these two charts. 
Later, however, it was felt that uniformity in the cards used by 


1 For a description of these cards the reader is referred to a paper by H. A 
Harding (1910). 
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different workers would make it possible to compare the results 
obtained in different laboratories. The Society, therefore, ap- 
pointed a committee to prepare an official chart, and in its 
report this committee expressed itself as follows: 


The past literature of bacteriology abounds in such imperfect de- 
scriptions of organisms as to make their grouping, according to any 
system, impossible. This fact calls for the adoption of some scheme 
to which all descriptions shall conform, in order that no essential 
character shall be overlooked. The accompanying card is proposed 
for the recording of the characters of an organism. . . . . The 
cards can be filed like catalog cards, and arranged in accordance with 
the group number, thus bringing similar organisms together and ren- 
dering comparison easy. 


This seems to imply that the chief objects intended to be 
served by the chart are first to secure uniformity in published 
descriptions and second to facilitate the grouping of bacteria 
according to their characteristics. Recent literature, however, 
reveals the existence of an idea not expressed in this report: 
namely, that the group number on this official card furnishes 
a more satisfactory method of characterizing an organism than 
its identification with a specific name occurring in the literature. 
The idea probably had its origin in the form of group number 
introduced with the Society card. Gage and Conn had both 
used a group number, but their group number consisted merely 
of four digits which could have suggested to no one that it con- 
stituted a complete description of a species. The Society group 
number, however, was simplified by leaving off those digits that 
indicated form and motility, replacing them with the genus 
symbol (according to Migula), which was placed before the 
series of digits. That this use of the genus symbol was not 
considered by the first committee to convert the group number 
into a method of characterising species is shown by the following 
statement which they made in regard to the group number: 


This system readily enables organisms having similar characters to 
be brought together and grouped about some central organism or 
type. 

















sith wi 





rere 











METHODS OF PURE CULTURE STUDY 109 


The only hint in this report that the group number might 
replace a specific name occurs a little later when the statement 
is made that according to this method of expression “ Bacillus 
coli (Escherich) Migula becomes B.212.33310.”’ This state- 
ment suggests to the reader, especially if that reader be a be- 
ginning student in bacteriology, that the string of digits 212.33310 
is equivalent to the specific term coli. It naturally led to the 
impression on the part of the part of certain younger bac- 
teriologists that the group number is nearly all-sufficient in de- 
scribing a new species. 

This point of view was strengthened by a paper from a member 
of this committee (Harding, 1910) on Ps. campestris, showing this 
organism apparently to have a constant group number. This 
work did not show that no other organism has the same group 
number, nor that all other organisms are so constant in physiologi- 
cal characteristics as is this particular species, nor indeed that this 
organism would have given such constant results if the technic 
had been varied; but there has been some tendency on the part 
of other bacteriologists to read into the paper a conclusion of 
this nature. The statement has even been made in one recent 
paper that the group number obviates the necessity of bacterial 
names. 

On the other hand, various investigators, using other species 
of bacteria, have one by one criticised every point in the group 
number except that which refers to spore-production, showing 
that the same culture may give different results each time the 
tests are repeated. Futher criticisms have arisen from the 
biometric studies of bacteria, such variations having been ob- 
served among the different strains of a single species that no 
characterization of a species can be considered valid until the 
mean is determined around which the different strains vary. 

These criticisms have sometimes been met by the statement 
that if the technic were sufficiently perfected and standardized, 
each strain would always prove to have the same group number, 
even though that group number might not express the charac- 
teristics of the species under all other possible conditions. An 
objection to this argument has been pointed out by Breed (1914) 
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in his work on the nitrate reduction of B. coli. He shows that 
the use of a standard medium, instead of distinguishing sharply 
between organisms with positive reactions and those with nega- 
tive reactions, is likely to bring about variable results for those 
which grow poorly in the medium adopted. Recent work of 
the committee, moreover, shows very plainly that (in regard to 
nitrate reduction and acid production at least) no standard me- 
dium can be adopted which will give consistent results with all 
kinds of bacteria. 

In brief, then, it may be said that the descriptive chart pro- 
vides a uniform and concise method of recording nearly all of 
the ordinary and some of the unusual observations concerning 
the morphology and activities of an organism. Of the many 
characteristics listed on the chart, about a dozen were selected 
by former members of the committee as being the most important 
and were collected into a numerical expression called the group 
number. This group number is merely an abbreviated method 
of recording these characteristics, and must not be regarded as 
a sole means of characterizing species. Its value as a means 
of characterizing cultures, or strains, or species depends not 
only upon the wisdom with which these particular reactions 
have been selected but also upon the accuracy with which each 
individual characteristic can be determined. In both of these 
respects any group number proposed at present would neces- 
sarily be imperfect: first, because the diagnostic importance of 
the various characteristics differs among different groups of 
bacteria; and secondly because the methods for making the 
determinations have never been perfected and the results are 
correspondingly inaccurate. The problems of the committee, 
therefore, include the selection of the characteristics of greatest 
diagnostic value and the elaboration of methods which shall 
minimize mistakes. The committee is now studying the meth- 
ods for working out the old group number; but, as a more per- 
manent improvement, a new group number is being planned, 
less arbitrary and more logical than the one now on the card. 

In addition to these weaknesses arising from our imperfect 
knowledge of bacterial activities and the methods of determin- 
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ing them, the card has not been revised frequently enough to 
contain the more recently devised tests for special groups of 
bacteria. Hence it is coming to be less and less used as a means 
of publishing descriptions of bacteria. In other words, it no 
longer helps to secure uniformity in bacterial characterization, 
the purpose for which it was originally intended. 

Meanwhile instructors in bacteriology have realized the 
advantages of some such method of concise description in famil- 
iarizing students with the characteristics of bacteria. Some 
have used the official descriptive chart; but this chart was never 
intended for instruction purposes and is not designed to be put 
in the hands of beginning students. As a result other instruc- 
tors have prepared descriptive charts of their own. Each of 
these charts has its own advantages and is undoubtedly better 
adapted to instruction than the old Society card; but for obvious 
reasons it would be better if a uniform style of chart were used 
in all institutions. The present committee, therefore, was 
instructed to prepare a chart especially adapted to use in bac- 
teriological instruction: A new folder was prepared in response 
to these instructions and was presented at the 1917 meeting. 
It is now in print and is available to any teacher who wishes to 
try it out in his classes. 

As the descriptive chart is now chiefly used for instructional 
purposes, it seems wisest to emphasize this use of it; but the 
committee does not wish to imply that an improved form of 
chart would be of no use in research work. The society card, 
indeed, has proved well adapted to certain types of research 
work in which a general survey is desired of the bacterial flora of 
some particular medium, preliminary to a later, more intensive, 
study of the individual species.2. For some of this work the 
newer chart, although intended primarily for instruction, may 
prove more useful than the old form; but the old card is still 
available for use in this type of work whenever it is desired. 
Better still, for this purpose, would be a new card more nearly 
in accord with modern methods of characterizing bacteria, and 


? Preliminary flora studies of this nature are well illustrated by the work of 
Conn, Esten and Stocking (1906) and by that of Harding and Prucha (1908 
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specially adapted to research work. The committee hopes to 
prepare such a card in the future; but before that is done more 
attention must be given to the value of the various character- 
istics and to the methods of determining them. 

The 1917 report of this committee (Conn. et al. 1918) con- 
tained a discussion of methods of pure culture study, designed 
primarily to accompany the chart for instruction. Further 
work has been done on some of these methods during the past 
year. A year ago it was expressed as the desire of the com- 
mittee that these methods ‘‘be adopted as standard methods at 
the 1918 meeting, after such changes have been made in them 
as the year’s use shows to be necessary.” This is no longer 
urged. With the modifications given in the following pages, 
they are the best methods now known to the committee, and 
their use in instruction laboratories is strongly recommended; 
but as the results of criticisms of the 1917 report, together with 
the committee’s further work during 1918, it seems wisest to 
regard them as provisional methods. No action is therefore 
asked on these methods and the committee desires to do further 
work on them. 

The following pages contain a progress report on those meth- 
ods that have been investigated during the past year, namely: 
Gram stain, acid production, and nitrate reduction. Free 
criticism of all matters discussed in this report, as well as the 
methods outlined in the preceding report, will always be welcome. 


Il. THE GRAM STAIN 


At the last meeting of the Society one or two members criti- 
cised the classification of bacteria according to their ability to 
take the Gram stain, stating that many of the methods of mak- 
ing this test give irregular results and that the methods given in 
text books vary greatly from one another. The committee was 
asked to look into the matter. Gram originally gave no definite 
length of time for treatment in the different fluids; but as the 
results of the staining depend greatly upon the duration of each 
treatment, various investigators have felt it necessary to specify 
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definite periods of time. Unfortunately, however, scarcely any 
two investigators have agreed in the periods specified. 

From two of the members who particularly objected to the 
lack of agreement between present methods a statement has 
been obtained as to the technic giving best results in their lab- 
oratories. The two methods thus obtained differ considerably: 
one method calls for a comparatively concentrated stain, a 
short period of staining and long decolorization, the other for a 
weaker stain, longer staining period and short decolorization. 
The former method is less time-consuming and the gentian 
violet solution it is claimed deteriorates more slowly; but upon 
comparison of the two methods no further differences have yet 
been observed. Both methods have been found to give clear- 
cut distinctions between the Gram-negative and Gram-positive 
organisms thus far studied. The committee realizes the advisa- 
bility of adopting a standard technic, but feels that no method 
should be made standard without more investigation than has 
so far proved possible. Both methods are therefore given as 
capable of yielding good results; and the criticism of the Society 
upon them is invited. 


Method 1 


Gentian violet solution..................... ; . lminute 
(Stain prepared by grinding 5 grams in 10 cc. of 95 per cent 
alcohol in a mortar. Add 2 cc. anilin oil, distilled water 88 cc 


Filter. Claimed to keep 3 to 4 months.) 


Iodine solution (Liigol’s).... . Il minute 
(As usual: Iodine 1 gram, potassium iodide 2 grams, water 
300 ec.) 

Absolute alcohol..... ey ee , ae rate .. 2minutes 

Counter-stain....... es airtel e tad ork ac Sa osm . 30 seconds 


(10 ec. of saturated alcoholic safranin in 90 cc. water.) 


Method 2 


Gentian violet solution ............. eT ee 
(Anilin oil 3 ce., absolute aleohol 7 cc., water 90 cc. Shake 
and filter through moist filter. Add 2 grams of gentian violet 
and allow to stand 24 hours.) 

Iodine solution (Liigol’s, as above)........ ‘cS0tserends ORD 

ID Sh i ckdks didde desea vccss CS OT ae 
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Counter-stain: 
Either Fuchsin (one part saturated alcoholic solution to nine 


ND 64s eed ctchucegeneess ss xueae 30 seconds 
or Bismark brown (2 per cent, dissolved in hot water and 
PR GadcnkiGhsnederecesedesuabetpanenaes 2 minutes 


Whichever method is used there are certain points in the 
technic that are important and must be insisted upon, especially 
if the test is being made by a beginner. The medium used 
must be recorded. Only young cultures should be used (eighteen 
to twenty-four hours old, except in case of unusually slowly 
growing organisms). Films should be on cover slips, made with 
distilled water, and in the portions examined organisms should 
be only one layer thick. Gentian violet and iodine solutions 
should each be removed by merely draining off the excess and 
blotting, before applying the next solution. Cover slips should 
be kept in constant agitation while in the alcohol and should 
then be transfered without washing to the counter-stain. 


Ill. THE PRODUCTION OF ACID 


Four places in the group number are devoted to the fermenta- 
tion of sugars and glycerin. In the 1917 report the committee 
recommended studying this reaction in standard peptone broth. 
There are various possibilities of error inherent in this method, 
and it is not applicable to all bacteria. Accordingly a study 
has been made of the sources of error and the simplest methods 
of overcoming them. 


Sources of error in determining acid production 


One of the chief sources of error in determining acid-produc- 
tion comes from the weakness of the common methods of detect- 
ing and measuring acid. A change in the titre of any medium 
as the result of bacterial growth is not necessarily in the same 
direction as the actual change in H-ion concentration. This 
makes the use of the titration method unsatisfactory for detect- 
ing acid production. This source of error, however, may be 
overcome by the use of the proper indicators if the student has 
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a good comprehension of the principles of H-ion concentration. 
A simple but satisfactory method of using these indicator and 
interpreting the results was given in the 1917 report (pp. 122 
124). The significance of these indicators and their use is dis- 
cussed in more detail in the following pages. 

Certain other sources of error are not so readily eliminated. 
Among them is the use of media in which the organisms in ques- 
tion make poor growth. If an organism does not grow well in a 
medium it is not correct to state that it is unable to produce 
acid from the sugar present in that medium. Certain organisms 
do not grow well in ordinary broth because they require more 
nitrogenous matter and a suitable medium for them should be 
found before adding the carbohydrate upon which their action is 
to be studied. Others require a different initial reaction from 
that of ordinary standard media. Others grow well only on 
solid media and give consistently negative results if tested in 
liquid media, merely because of their poor growth. 

Another equally serious source of error is the fact that many 
bacteria may cause two simultaneous biochemical activities, 
one tending to raise the reaction, the other to lower it. The 
resultant change in reaction depends upon which of these two 
processes predominates, and the production of acid may often 
be entirely masked by the opposite tendency. This may often 
be the cause of variation in the results obtained upon repetition 
of the test with the same culture; and it may even cause an 
acid-producer to escape recognition entirely. 

Error may also arise from impurities in the sugars used. 
Glucose is very often present as an impurity in other sugars, 
especially in those which are difficult to purify, but has also 
been observed in samples of sucrose and lactose. The presence 
of glucose can be detected by growing in it a known glucose 
fermenter that does not attack the sugar in question. This 
test should be made in all accurate work. 


Media recommended 


On account of these difficulties, it proves impossible to recom- 
mend any one standard medium. The formulae recommended 
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(J. Bact., 3, 115, 116) are merely for routine use when the growth 
requirements of an organism are not known. If the organism 
grows pooyly in these media, the results of the test are to be 
disregarded. 

In connection with preliminary invigoration, the committee 
has already recommended (J. Bact. 3, 118) dividing the organ- 
isms into four series according to their preference for 37° or 
25°, and for liquid or for solid media. It is now further recom- 
mended that all organisms of series III and IV (i.e., growing well 
on the surface of agar but not in glucose broth) be tested for 
acid production by inoculating onto the surface of beef-extract 
agar (instead of broth) containing the carbonaceous substance 
to be tested. Bacteria not growing well in glucose broth or in 
beef extract agar must be tested in some medium in which they 
do make good growth. For them is recommended varying 
first the peptone content and then the acidity of the medium. 
The medium to which the sugar, glycerine or other substance is 
added should differ as little as possible from these standard 
media. 


Methods of detecting acid production 


For the reasons above discussed acid production should not 
be detected by means of titration. An indicator should be 
used whose range of color change covers the initial reaction of 
the medium used or else is slightly to the acid side of the initial 
reaction. (Thus brom cresol purple, with the range of P, = 5.2 
to P, = 6.8 is the most satisfactory indicator to use with media 
of initial reaction of P, = 7.0) Litmus can be used, but the 
results obtained with it are not sufficiently clear cut. 

Indicator media are especially valuable now that we have 
indicators which are not attacked by bacteria, with turning 
points at the useful part of the P,-scale. Litmus and methyl 
red are of but little use for this purpose because they are decol- 
orized by bacteria; but the sulphone-phthalein indicators are 
not acted upon by bacteria and are just as satisfactory when 
mixed with the media before inoculation as afterward. The 
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addition of the minute quantities of these indicators necessary 
does not ordinarily influence the growth of the bacteria, and in 
most cases its influence can be disregarded. 

The use of saccharine broth or agar containing brom cresol 
purple gives very clear indication as to acid production from 
the sugar present, unless the organism produces alkalinity from 
the peptone. This possibility should always be investigated 
by the use of some indicator with a more alkaline range, such as 
phenol red or cresol red. In case alkalinity is produced in the 
broth or agar without the sugar, it must be recognized that the 
production of acid may not raise the H-ion concentration of the 
medium above its original reaction. Theoretically the only way 
to be sure of acid production in such cases is to use some medium 
in which the organism grows well without producing alkalinity; 
but as such a medium is ordinarily difficult or impossible to 
obtain, this procedure is generally out of the question. The 
method recommended is to use a non-saccharine broth or agar 
as a check, both saccharine and non-saccharine media contain- 
ing those indicators whose ranges cover the P, changes likely to 
occur, and to pronounce the organism an acid-producer provided 
the H-ion concentration is greater in the presence of the sugar 
than it is in its absence. A very handy combination of indi- 
cators for this test is a mixture of brom cresol purple and cresol 
red. They may both be added to the same medium, giving 
a solution that changes very slowly from purple to yellow through 
a long range (from about P,, = 8.0 to about P, = 5.0) extending 
to a considerable distance on both sides of neutrality. The 
exact amount of indicator used in the medium is not important 
as long as the color obtained is distinct. A convenient strength 
has been found to be 1 cc. of a 1.6 per cent alcoholic solution to 
the litre of medium. When brom cresol purple and cresol red 
are mixed, neither indicator need to be used in quite such 
great concentration. 
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Relation of H-ion concentration to acidity 


The above discussion will be readily intelligible to any reader 
who has an understanding of H-ion concentration and of the 
meaning of the symbol P,. There would, indeed, be no point 
in discussing this subject further, if the research worker alone 
were concerned, because Clark and Lub’s recent paper (1917) is 
readily available and treats the subject as fully and adequately 
as could be desired The new chart, however, is intended 
primarily for instruction and it is felt that teachers may desire 
a brief discussion of hydrogen-ion concentration for class-room 
or reference use. As there is at present no bacteriological 
textbook, so far as the committee know, that discusses the rela- 
tion of acidity and reaction of media to H-ion concentration, 
and as copies of this report can be obtained from the secretary 
of the Society at about cost price, it seems well to summarize 
the subject here. Nothing new, however, is added in the fol- 
lowing pages to what previous writers have said. 


What is hydrogen-ion concentration? 


The concentration of hydrogen-ions in a solution is used as a 
measure of acidity and alkalinity on the basis of the ionic theory. 
According to this theory, every salt, acid, or base, in aqueous 
solution, breaks up to some extent into ‘“‘ions.’”’ Even pure 
water (H.O) dissociates to a very small extent into H-ions and 
OH-ions. The H-ions bear a positive electric charge, the OH- 
ions a negative charge. Free H-ions are acid, free OH-ions are 
basic. In pure water both are present in equal amounts, thus 
neutralizing each other. Acids and bases dissociate to a much 
larger extent than pure water, the amount of dissociation de- 
pending ordinarily upon their strength. An acid dissociates 
into positive H-ions and negative ions consisting of the acid 
radicle. A base dissociates into positive metal ions and into 
negative hydroxyl (OH) ions. 

The stronger acids (sulphuric and nitric, for instance) ionize 
to a greater extent than the weaker (acetic, for instance, and 
other organic acids). The more completely an acid ionizes in 
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solution, the greater the H-ion concentration of that solution. 
Therefore if different acids are dissolved in the same ratio of 
acid to water the H-ion concentration is an index of the strength 
of the acid. Similarly if different bases are dissolved in water in 
the same proportions, the OH-concentration is an index of the 
strength of the base. 

If to a quantity of pure water (containing H and OH-ions) a 
drop of sulphuric acid be added, the mixture will contain H-ions, 
OH-ions and SO,-ions. The number of free H-ions will be greatly 
increased because of the large number added in the drop of 
acid; but the number of hydroxyl ions will be decreased, because 
the change in ionic equilibrium will cause many of them to 
combine with free H- ons to form water. In other words, the 
H-ion concentration will be increased, the OH-ion concentra- 
tion decreased. If, further, a larger quantity of the acid be 
added, the H-ion concentration will be still further increased, 
the OH-ion concentration still further decreased. It is evident, 
therefore, that H-ion increases and OH-ion concentration de- 
creases as the acidity increases. Either may be used as an 
index of acid reaction; but H-ion concentration is preferred 
because it increases with increasing acidity. 

When an acid is mixed with water containing other materials 
in solution, the matter is more complex. Various combinations 
are possible between the acid and the other materials in solu- 
tion which prevent the H-ion concentration from being increased 
as much as it would have been if the same amount of acid had 
been added to pure water. Materials which thus repress the 
H-ion concentration of a solution are called ‘“‘buffers.”’ Organic 
matter in solution is especially likely to exert a buffer action. 
When buffers are present, the H-ion concentration of any solu- 
tion will obviously be lower than it would have been with the 
same amount of acid added if no buffers were in solution. The 
actual reaction of such a solution is also lower, for only the 
ionized portion of an acid exhibits acid properties. The H-ion 
concentration, therefore, is a more correct index of the acid or 
alkaline reaction in a case like this than is the quantity of acid 
added. 
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When a base is added to water or to a neutral solution, the 
relation is exactly the reverse. The concentration of OH-ions 
is increased, that of H-ions is decreased. Either may be used 
as an index of alkalinity in terms of the ionic theory; but H-ion 
concentration is ordinarily used for the sake of uniformity. 
Hydrogen-ion concentration is inversely proportional to the 
dissociation of the base and therefore to the true alkaline reac- 
tion of the solution. Obviously a saturated solution of a strong 
base such as KOH has an exceedingly small H-ion concentra- 
tion, but it is nevertheless measurable. 

What is meant by P,? 

After deciding to use H-ion concentration as a measure of 
reaction the first necessity is to obtain some simple and concise 
method of expression. For this purpose the figures actually 
expressing H-ion concentration are quite unwieldy because of 
the extreme minuteness of H-ion concentration in weakly acid 
and in basic solutions. The H-ion concentration of pure water, 
for instance, has been shown to be 0.000,000,1 gram per litre, 
or in other words 0.000,000,1 normal (as a normal acid contains 
one gram of hydrogen per litre). A simpler method indicating 
this small quantity is by the logarithmic form of expression, 
i.e., 10-7 or log —7. This method of expression was adopted 
by Sérensen, who was the first to point out the great influence 
of H-ion concentration (as distinct from titrable acidity) upon 
biological activities. SdGrensen used the symbol P, (or the sim- 
pler Px) to represent this logarithm, without the minus sign; or 
using mathematical language, Px is the logarithm of the recip- 
rocal of the H-ion concentration expressed in grams per litre. 
Sérensen used this symbol to signify H-ion concentration. By 
this method of expression, the H-ion concentration of pure 
water is indicated by the formula Px = 7.0. 

Because Px is an invert logarithm, it decreases with increas- 
ing H-ion concentration. Therefore, acid solutions have a 
P.-value smaller than 7.0, basic solutions a Ps-value greater than 
7.0. It has been found, for instance, that the Pxs-value for 1’ 
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normal HC! is 1.05, for normal acetic acid 2.4, while for ys 
molecular NH,OH it is 11.2. 

In interpreting P:-values it must be remembered that adding 
1 to the logarithm of a number is equivalent to multiplying the 
number itself by 10. For example, log 3 (i.e., 1000) = 10 x 
log 2 (i.e., 100). Similarly, to use an illustration that more 
nearly concerns us here, log —6 (i.e., 0.000,001) = 10 x log —7 
(i.e., 0.000,000,1). In other words, a solution. with a P,-value 
of 6 has ten times the H-ion concentration of pure water (Pa = 7); 
and one with a P-value of 5 has ten times the H-ion concentra- 
tion of a solution with a P,-value of 6, or 100 times the H-ion 
concentration of pure water. Thus by a simple calculation it is 
possible to compute the relation between the H-ion concentra- 
tions of two solutions provided the difference in Ps-value is an 
integer. In case the difference in Ps-value is composed of an 
integer and a decimal, the relation may be learned by finding 
the number of which the decimal is the logarithm and giving it 
one more place to the left of the decimal point than there are 
units in the integer. An example will make this clearer: 


For 1/10 normal HCl: Ps, = 1.05 
For normal acetic acid: Ps = 2.4 





The difference is: 1.35 
Now 0.35 = log 2.24, 


But as the integer is 1, there must be two places to the left 
of the decimal point, i.e., 22.4 (approximately 22.5). 

Hence tenth normal hydrochloric acid has approximately 
22.5 times the H-ion concentration of normal acetic 
acid. 


It is also possible to compute the OH-concentration for any 
solution of which the Ps-value is known, because there is a 
constant relation between the two expressed by the equation 


Pa + Pen = 14. 


That is, P,, may be determined for any solution by subtracting 
its Ps-value from 14. Thus for normal acetic acid (Pa = 2.4) 
the P.,, value is 14 — 2.4 = 11.6. 
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OF PURE CULTURE 
Measurement of H-ion concentration 


There are two different methods by which the H-ion concen- 
tration of a solution may be determined: the electrolytic method 
and the colorimetric method. The electrolytic method is gen- 
erally the more accurate, and is applicable to a greater variety 
of solutions; but it is time-consuming and requires quite compli- 
cated apparatus. The colorimetric method is much simpler, 
is accurate enough for all bacteriological work and can be applied 
easily to any ordinary bacteriological culture medium. 

The electrolytic method. The electrolytic measurement of 
H-ion concentration depends upon the fact that when a metal 
is in contact with an aqueous solution containing dissociated 
ions of that metal, there is an electromotive force set up between 
the metal and the solution, which varies according to the con- 
centration of the ions of this metal in the solution. This elec- 
tromotive force can be measured, and by means of the proper 
formula, the ionic concentration of this metal in the solution 
“an be determined. Hydrogen acts like a metal in this respect 
when brought into electrolytic contact with an aqueous solution. 
This is accomplished by immersing a platinum electrode (plati- 
num foil, coated with platinum black) in the solution and 
allowing a constant stream of hydrogen to bubble over the 
platinum. Because of the affinity of platinum for hydrogen, it 
takes up enough of the gas to act as a hydrogen electrode. The 
electromotive force established between this electrode and any 
aqueous solution with which it is in contact is inversely propor- 
tional to the H-ion exponent (i.e., Px) of that solution. 

The methods of measuring this electromotive force are quite 
complicated and are not adapted to the average bacteriological 
laboratory. All the average bacteriologist needs to know is 
that with the proper apparatus it can be measured and that the 
hydrogen ion exponent can be directly determined from it. 

The colorimetric method. The colorimetric measurement of 
H-ion concentration depends upon color changes produced in 
certain substances (indicators) by varying acidity. Each indi- 
cator changes from one color to another between quite narrow 
limits of H-ion concentration, and between these two limits 
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every shade of the indicator corresponds to a definite Px value. 
The best known indicators to the bacteriologist are litmus and 
phenolphthalein. Of these, litmus has little value in accurate 
H-ion measurements, partly because it is not a definite chemical 
compound, and partly because azolitmin, its chief component 
(even though chemically pure), varies so much in its color reac- 
tions according to the material present in the solution that little 
accuracy can be obtained with it. Phenolphthalein, on the 
other hand, gives very accurate results within the P,-limits 
between which its color changes takes place; but this range 
(Pa = 8.0 to Pa = 9.6) is considerably to the alkaline side of 
neutrality. Bacteriological work, however, has special need of 
H-ion determinations near neutrality and in acid solutions. 

In passing, it is of interest to notice that bacteriologists, in an 
empirical way, have realized for some time that the phenol- 
phthalein color changes takes place in alkaline solutions. It has 
been found that bacteria grow better in solutions that are slightly 
acid to phenolphthalein, and it has lately become customary in 
this country to adjust media to 1 per cent normal acid to phenol- 
phthalein. Bacteriological media have ordinarily contained 
Witte’s peptone; and in 1 per cent solutions of this peptone, 
the above titre corresponds closely to the H-ion concentration 
of pure water (Px = 7.0). This is not necessarily true of other 
peptones or of other media; but bacteriologists who have used 
peptone Witte have for some time adjusted their media practi- 
cally to true neutrality. 

The relation of different indicators to various points in the 
P,-scale was studied by Sérensen as well as by others who have 
followed him. Most recently Clark and Lubs have furnished us 
(1917) with a beautiful series of accurate indicators whose 
sensitive ranges meet or even overlap and extend from P, = 1 
to P, = 10. The relation of these indicators to H-ion concen- 
tration is shown in figure 1 and table 1. Of special interest to 
bacteriologists are the three indicators nearest to P, = 7.0, 
i.e., brom cresol purple, brom thymol blue, and phenol red. 
Of these brom thymol blue is most useful in adjusting the reac- 
tion of media to neutrality, because it is yellow in acid solutions 
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and blue in basic solutions, passing through various stages of 
green between the points P, = 6.0 and P, = 7.6. At P, 7.0 
it is grass-green, a shade that can be easily recognized by the ey 
after a little practice. As a result it is possible to obtain media 
that are essentially neutral, no matter what their composition 
may be, merely by adding sufficient acid or base so that brom 
thymol blue becomes grass-green when added to them. 

It is plain that a rough idea can be obtained as to the H-ion 
concentration of any solution by simply finding which indi- 
ators give their acid color in it and which give their alkaline 


TABLE 1 


Color changes of Clark and Lub’s indicators 








INDICATOR a — FULLA INF .- ; 
Thymol blue (acid range Red Yellow 1.2-2.8 
Brom phenol blue Yellow Blue 3.04.6 
Methyl red Red Yellow 1.4-6.0 
Brom cresol purple Yellow Purple 5.2-6.8 
Brom thymol blue Yellow Blue 6.0-7.6 
Phenol red Yellow Red 6.88.4 
Cresol red Yellow Red 7.2-8.8 
Thymol blue (alkaline range Yellow Blue 8.09.6 
Phenol phthalein Colorless Red 8.0-9.6 
Cresol phthalein Colorless Red §.2-9.8 


color. After a little experience with these indicators it is pos- 
sible to do even better than this by inspection of the shade of 
color produced by whichever indicator or indicators are sen- 
sitive at the P,-value of the solution in question. Accuracy, 
however, can be obtained only by actual comparison with the 
colors produced by the indicators in solutions of known H-ion 
concentration. For comparison Sérensen devised a series of 
standard solutions varying in H-ion concentration from P, 

1 to P, = 13. Clark and Lubs have proposed a different series 
of standards that are published in a more readily available place 
(loc. cit.). Of special interest is their standard corresponding 
to P, = 7.0 (neutrality). This is prepared by mixing 5 cc. of 
1 molecular K-HPO, with 3 ce. of | molecular NaOH and dilut- 
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ing to 20 cc. with distilled water. Varying the proportion of 
these two solutions in the mixture increases or decreases the 
H-ion concentration as shown by table 1 of Clark and Lubs 
(1917, p. 26). 

The difficulty of preparing such standard solutions of known 
H-ion concentration in the ordinary bacteriological laboratory 
has led Barnett and Chapman (1918) to devise a series of color 
standards that do not require accurate chemical adjustments. 
The standards that they propose are for phenol red, but they 
state that the method may be used for other indicators. Their 
method is to prepare two series of tubes, one series containing a 


TABLE 2 


Barnett and Chapman’s color standards for H-ion determinations 














Pair no. 1 ..5 ec. acid + 9 drops* indicator; 5 cc. base + 1 drop indicator 
Pair no. 2 ...5 ec. acid + 8 drops indicator; 5 cc. base + 2 drops indicator 
Pair no. 3 ..5 ee. acid + 7 drops indicator; 5 cc. base + 3 drops indicator 
Pair no. 4 ..5 ee. acid + 6 drops indicator; 5 cc. base + 4 drops indicator 
Pair no. 5 ..56 ee. acid + 5 drops indicator; 5 cc. base + 5 drops indicator 
Pair no. 6........5 cc. acid + 4 drops indicator; 5 cc. base + 6 drops indicator 





*In some laboratories it may prove simpler to use 10 ce. in each tube and to 
measure out the indicator solution in tenths of a cubic centimeter instead ofin 
drops. : 


dilute acid solution, the other a dilute basic solution, adding 
decreasing quantities of the indicator to the acid series and 
increasing quantities to the alkaline series. The acid tube with 
the largest quantity of indicator and the alkaline tube with the 
smallest quantity of indicator form a pair (to be viewed together 
in transmitted light); the acid tube with the next largest quan- 
tity of indicator and the alkaline tube with the next smallest 
quantity form a second pair; and so on. This arrangement is 
shown in table 2. 

It will be seen that the sum of the amount of indicator in the 
two tubes of each pair is always the same. Looking at the 
light through both tubes of any particular pair, the same color is 
obtained as when a solution of the proper H-ion concentration 
is viewed with an amount of indicator in it equal to the sum of 
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the quantity in the two tubes of the standard. The standard 
contains more indicator in the acid or in the alkaline tube re- 
spectively according to whether the pair of tubes is to represent 
the acid or the alkaline end of the range of the indicator. 
Barnett and Chapman give the P,-values corresponding to 
these successive pairs of tubes (using phenol red as indicator 
as 6.9, 7.2. 7.5, 7.7, 7.9, and 8.1, respectively. Tested by a 
member of this committee they were found to correspond re- 
spectively to the P,-values 7.1, 7.3, 7.5, 7.7, 7.8, and 7.9. Evi- 
dently the variation in the hands of different men is slight, 
probably less than in making up standard solutions of known 
H-ion concentration in the ordinary bacteriological laboratory. 
Such standards can be very quickly prepared even by a begin- 
ning student, and tiieir use is therefore highly to be recommended. 
The same method can be applied to brom thymol blue, thus 
covering a range more useful to some bacteriologists. The six 
pairs of brom thymol blue standards, prepared as given in table 
2, correspond (as tested by a member of this committee) to the 
P,-values 6.2, 6.4, 6.7, 6.9, 7.1, and 7.3, respectively. These 
two indicators together thus furnish standards covering the 
range from P,, = 6.2 to P, = 8.0 with duplication at 7.1 and 7.3. 


Why the titration method is illogical 


The conventional method of adjusting the reaction of media 
or of determining the amount of acid produced by cultures 
depends upon titration to phenolphthalein. A computation is 
made of the per cent of normal alkali necessary to neutralize the 
solution, and the acidity is stated as equivalent to this per cent 
of normal acid. The assumption upon which this procedure is 
based is that the reaction of the solution is measured by the 
amount of base necessary to neutralize. This assumption is 
incorrect. Ten ec. of N/10 HCl and 10 ee. of N/10 acetic acid 
each require 10 cc. of N/10 NaOH to be neutralized, but the 
HCl is much more acid than the acetic acid. 

In bacteriological media, moreover, there are nearly always 
present certain materials which have a buffer effect. Although 
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but weakly acid, they combine to a marked extent with the 
base used in titration and thus prevent the neutralization of the 
solution as rapidly as would be the case if no buffer were present. 
Peptone, for example, has a very strong buffer effect upon solu- 
tions in which it is present. As a result, in peptone solutions 
which are actually neutral, the titrable acidity may be quite 
high, because the NaOH used in titration combines with the 
peptone without greatly lowering the reaction of the solution. 
Hence titration is a very illogical method of determining the 
reaction of solutions containing peptone. 

An example may make this clear. Witte’s peptone is about 
neutral and its solutions are grass-green to brom thymol blue; 
but in a 1 per cent solution it titrates about 1 per cent normal 
acid to phenolphthalein. Difco peptone is more acid, giving a 
greenish yellow with brom thymol blue; but as it does not have 
such a marked buffer effect, it titrates lower than peptone Witte. 
As a result, now that Difco peptone is often used in America in 
the place of Witte peptone, it is not infrequent to find someone 
adding acid to it to bring it to 1 per cent normal to phenol- 
phthalein, whereas alkali should be added to it to make it neutral 
to brom thymol blue. It should further be noticed that any 
peptone has practically the same H-ion concentration no matter 
what the concentration of the solution may be; but the titrable 
acidity is lower the more it is diluted. Hence the titration 
method leads to the error of adding acid to a 0.1 per cent solu- 
tion of peptone to make its ‘‘reaction’” the same as that of a 
1 per cent solution. 

A further fault of this titration method is that there is no 
sharp phenolphthalein neutral point. This indicator begins 
turning red at about P, = 8.0 but does not reach its full alkaline 
color until about P, = 10.0. Some bacteriologists titrate until 
its full color has appeared, others stop as soon as the first appear- 
ance of pink is evident, while still others try to use a point half 
way between these two limits. The result is considerable varia- 
tion in the hands of different men. 

All of these objections make the titration method entirely 
illogical for adjusting the reaction of media or for determining 
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the amount of acid produced by an organism. The colorimetric 


method of determining H-ion concentration is more logical, is of 
more significance, and is really more simple after the principles 
of the technic are once learned. 

. 


IV. THE REDUCTION OF NITRATES 


The ordinary method of testing for nitrate reduction—as 
recommended in the last report of this committee (J. Bact., 3, 
124)—is to grow the organism in a liquid nitrate medium and to 
test for nitrite after a definite length of incubation. The pres- 
ence of gas is to be recorded if observed. On previous charts 
adopted by the Society the determination of ammonia was also 
called for, provision for making this determination having been 
made in the reports of the committees on water analysis of the 
American Public Health Association. It was distinctly stated 
in these reports, however, that ammonia may come from the 
peptone instead of from the nitrate, so that presence of ammonia 
in absence of nitrite does not necessarily indicate nitrate-reduc- 
tion. This latter source of error, as has been pointed out by 
one member of this committee (Kligler, 1913), is greater than 
has been generally recognized by bacteriological writers. Hence 
no provision for the ammonia test is made on the latest chart 
recommended by the committee. 

Omitting the ammonia test, however, opens up the possi- 
bility of error in another direction, for some organisms convert 
the nitrite into ammonia as rapidly as it is formed, so that its 
presence can scarcely be detected. This matter will shortly be 
further discussed by H. J. Conn and R. 8. Breed in a paper 
(now in press) to appear shortly in this Journal. The nitrate- 
reduction test proves, indeed, to be a far more complicated 
matter than originally supposed. Absence of nitrite may 
mean any of the following things: (1) actual inability to re- 
duce nitrate, (2) a medium so poorly adapted to the organ- 
ism in question that growth is poor or lacking, (3) conversion of 
nitrite into ammonia as fast as produced, (4) assimilation of the 
nitrite-nitrogen (either as nitrite or as ammonia) as fast as 
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produced. Obviously a qualitative test for nitrite fails to dis- 
tinguish between these four very different possibilities. A 
nitrite test accompanied by a quantitative ammonia test would 
undoubtedly prove an aid in detecting those organisms that 
reduce nitrate without an accumulation of nitrite; but as yet the 
committee has not worked out a quantitative test for ammonia 
simple enough for the bacteriological laboratory. Sometimes 
it is possible to obtain data of more significance by means of a 
qualitative test for ammonia, provided an ammonia-free medium 
is used containing no nitrogen other than the nitrate. In such a 
medium the only source of ammonia is the nitrate and its pres- 
ence indicates nitrate-reduction even though nitrite be absent. 
As it is difficult, however, to obtain such a medium in which the 
majority of bacteria will grow, this method is realized to be of 
value only in special cases. 

As a result the committee is unable at present to propose a 
standard method for the determination of nitrate-reduction. 
The provisional procedure recommended is as follows: 

Inoculate first into nitrate broth and onto slants of nitrate 
agar. For this purpose use the standard formula for beef- 
extract broth (page 115 of 1917 report) with the addition of 
0.1 per cent KNO,, instead of the formula for nitrate broth given 
on p. 124 of the 1917 report. The richer medium is better 
adapted to pathogenic and to many other bacteria, and its 
greater viscosity aids in the detection of gas bubbles in case 
free nitrogen is produced. Test both the broth and the agar 
culture for nitrite by means of the reagents given on p. 124 of 
the 1917 report. (These reagents give the nitrite reaction as 
readily if poured on the surface of an agar slant as if added to a 
liquid culture). Presence of nitrite or of gas (indicated by foam 
in the broth or by cracks in the agar) shows the nitrate to have 
been reduced. A negative result does not prove that the organ- 
ism is unable to reduce nitrates; in such a case further study is 
necessary, as follows: 

In case the fault seems to lie in poor growth, search for a 
nitrate medium in which the organism in question does make 
good growth by means of the following modifications: increas- 
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ing or decreasing the amount of peptone; altering the reaction: 
adding some readily available carbohydrate. Presence of 
nitrite or gas in any nitrate medium whatever should be re- 
corded as nitrate-reduction. 

If the organism grows well and yet produces no nitrite or gas, 
the determination must be recorded as doubtful unless the 
organism can grow well in some synthetic medium containing no 
nitrogen except nitrate. It is recommended that such an organ- 
ism be tested in a medium containing small quantities of phos- 
phate, calcium, chlorine, etc., with KNO, as a source of nitrogen 
and sucrose as a source of energy and of carbon.’ Such a me- 
dium generally allows good growth with an organism capable of 
utilizing nitrate and sucrose. Unfortunately neither glucose 
nor lactose can be used in this medium as a source of carbon 
and energy, for the ordinary ‘‘c.p.”’ preparations of these sugars 
contain much ammonia. If the organism in question grows 
(even but slightly) on a synthetic medium of this sort, it should 
be tested for nitrite by the usual method and for ammonia by 
means of Nessler’s reagent (comparing with an uninoculated 
tube as a check). The presence of nitrite, of ammonia (i.e., a 
more pronounced ammonia reaction than in check tube), or of 
gas indicates nitrate-reduction. 

The production of gas (free N) from nitrate is not a very 
common one; but a considerable number of soil organisms have 
this power, and one should be on the lookout for it in studying 
soil bacteria. The agar slant test is ordinarily a sufficiently 
delicate test; but, if liquid media are used, more reliable results 
may be obtained by the use of fermentation tubes. 
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* An illustration of such a medium which has proved satisfactory for some 
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INTRODUCTION 


It is to be regretted that the tendency of investigation in 
bacteriology has been largely toward a study of effects, with 
little or no attempt to explain their fundamental causes. This 
is probably because the latter problems involve greater tech- 
nical difficulties and offer less hope of immediate solution. Until 
a definite scientific foundation has been built up, however, on 
which to correlate the numberless facts already known, these 
will always remain isolated and to some extent unexplainable. 

Bacteria, like all living cells, produce changes in internal com- 
position as well as in external environment by means of chemical 
reactions. Living protoplasm, in order to maintain its via- 
bility, is constantly abstracting certain essentials from its en- 
vironment, and replacing them by other substances, while it is, 
itself, in a constant state of alteration. 

The changes wrought in the surrounding material by the 
presence of bacteria can only be definitely, that is, chemically, 
followed by cultivating them upon media of known and exactly 
reproducible composition, the so-called synthetic media. Suit- 
able media of this type are not easily developed, but work is in 
progress along this line which cannot fail to bring to light many 
significant and fundamental relationships. 

Changes within the bacterial bodies are even harder to follow. 
The present means which analytical chemists have at their dis- 
posal in the investigation of the most complicated of all known 
forms of matter, are palpably imperfect. Bacterial changes, 
133 
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however, may be at times accompanied by (1) alterations in the 
empirical chemical composition of the whole bacterial bodies, 
and (2) alterations in the biological behavior of the organisms. 
Alterations in both these quanta are demonstrable, and can, at 
least in part, be correlated with their etiological factors. 

In this paper we have attempted to add something to the 
data regarding the extent of alteration in the empirical composi- 
tion of bacteria, to show how such alterations may be brought 
about, and to draw certain conclusions regarding their probable 
causes. We hope at least that the data here presented will be 
useful to future investigators in this field. 

To produce a determinable change in either the properties or 
composition of bacteria, it is necessary to change their environ- 
ment. This is easily done by first altering the nature of the 
medium upon which they are grown. By regulating the trans- 
plants with sufficient frequency to make sure that the changes 
observed are not due to bacterial ‘‘old age,’’ and by continuing 
cultivation on the altered medium long enough to produce a 
reasonably complete adaptation of the organism to its new en- 
vironment, the experiments can be adequately controlled, and 
an observable change of properties and composition, if such is 
possible, can be obtained. 

The determination of the chemical composition of bacterial 
bodies is not an easy task. Ordinary bacterial growths are 
actually composed of very small quantities of material, and the 
production of sufficient bacterial substance for a chemical anal- 
ysis is difficult. 


PRELIMINARY PROCEDURE 


In order to determine the biological change in bacteria in any 
direction, it is necessary (1) to preserve the same organism 
throughout all determinations, and (2) to determine the total 
activity of the organism in statu quo as far as possible, and 
(3) lastly, to subject the organism to constant varied conditions. 

In accordance with these requirements, a strain of B. coli, 
which showed ready and abundant growth, was selected and 
preserved in all the following operations. It had been pre- 
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viously cultured on meat-extract agar for an unknown number of 
generations, of which at least 250 are known. In regard to this 
culture two questions present themselves: old age, and adapta- 
tion. If an organism is in a state of decrepitude, a transfer to 
another medium may mean only rejuvenation, which should 
assert itself in the next generation on any different medium on 
which the organism could have wide scope for its metabolic 
processes. A test of this possibility was made as follows: A 
twenty-four hour culture of the organism was emulsified in 
sterile salt solution of which a measured volume was plated on 
two different media: (1) meat-extract agar, and meat-infusion- 
glucose agar. After twenty-four hours’ incubation the former 
showed 75 colonies, the latter showed 63. There seemed to be 
no distinguishing characteristic differentiating the organism from 
the colonies of the two plates. From this experiment the ques- 
tion of old age in this strain may be considered as eliminated. 

The laws of adaptation, on the other hand, govern the internal 
state of the organism in its present conditions either fully or 
only partially. If the organism is fully habituated to its en- 
vironment, a substantial change of environment effects a growth 
which is sparse; or, really or apparently abundant; or, no growth 
at all appears. If the abundant growth is apparent, and not 
real, it will be transitory; if real, it will persist. 

Whether bacteria obey the laws of adaptation fully, partially, 
or not at all, may or may not be proven by external phenomena; 
but since the question should receive some answer from an 
examination of internal protoplasmic conditions, A priori an 
organism confined to one environment for many generations 
ought to throw light upon this point. The exact number of 
generations that will influence bacteria in this direction has not 
been determined. Arbitrarily, therefore, the 200th generation 
was chosen to initiate the solution of the question. In all the 
following experiments the organism had been confined to one 
medium for at least 200 generations before it was finally grown 
on this medium for examination. 

In order to determine the biological activity of the organism 
in its present environment, it was cultured on a medium to which 
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it had been accustomed, i.e., agar, 2.5 per cent; peptone, 1 
per cent; NaCl, 0.5 per cent; meat-extract, 1 per cent; incubated 
in test tubes 8 by 1 inch at 37°C. Under these conditions 
growth after twenty-four hours was fairly abundant, and even 
seemed to increase after that period. 

To prove approximately an increase or decrease in growth 
after twenty-four hours’ incubation, 100 tubes of different ages 
were selected, the planted area of which seemed to be of the 
same dimension. The growth was scraped from the medium 
at twenty-four hour intervals, transferred to weighing bottles 














TABLE I 
APPROXIMATE WEIGHT OF BACTE- | APPROXIMATE WEIGHT OF BAcTERIA| “APPROX. 
DAYs’ RIAL GROWTH IN 100 TUBES AFTER DESICCATION ee 
GROWTH —y— 
I I Ill I I Ill DESICCATION 
1 2.0 Be 2.3 0.05 0.05 0.07 97 
2 2.1 1.9 2.4 0.06 0.06 0.07 97 
3 2.1 2.0 2.5 0.10 0.10 0.13 95 
4 2.7 2.4 2.7 0.25 0.24 0.28 90 
5 3.2 2.7 3.3 0.54 0.47 0.56 83 
6 3.2 3.0 3.6 0.54 0.51 0.60 83 
7 5.3 3.7 4.5 0.90 0.63 0.77 83 
8 5.9 3.9 5.8 1.30 0.86 1.30 78 
9 5.9 4.5 6.3 1.30 1.00 1.40 78 
10 6.2 4.6 6.5 1.60 1.20 1.80 7 
11 6.5 4.6 6.8 1.70 1.20 1.80 7 
12 6.3 4.6 6.8 1.70 1.20 1.80 73 
13 6.3 4.4 6.8 1.70 1.20 1.80 73 
14 6.0 4.2 6.7 1.70 1.20 1.80 72 























and weighed. After weighing, the material was carefully pre- 
served at 0 to 5°C. for further examination. Growth of nine to 
eleven days proved to be the maximum. 

In as much as the presence of moisture affects the weight of 
the collected bacteria, it is necessary to determine what relation 
moisture bears to the total weight. This determination will de- 
cide whether, and to what degree, the growth has been really or 
only apparently increased. Determinations of the water con- 
tent were, therefore, made by drying the collected organism in 
weighing bottles at 97°C. over calcium chloride to constant 
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weight, which required seven days, and cooling the dried mate- 
rial in vacuo over the same dryer. 

Experiments in this direction indicate that what holds true 
for bacterial derived substances,' also holds true for the whole 
bacterium, e.g., that bacteria show a great avidity for water. 
The water content of bacteria, therefore, seems to be subject 
to variations dependent on the period of incubation. The 
variation does not seem to depend on mere mechanical adhesion, 
because: First, of the difficulty attendant on desiccation; Sec- 
ond, of the power of absorbing moisture which dried bacteria or 
bacterial substance display to such an extent that three days’ 
exposure to an ordinarily dry atmosphere increases the weight 
of the desiccated material 0.05 per cent. 

It may not be contended that the entire loss of weight by 
desiccation is due to water alone, since bacteria may contain 
other volatile substances. The loss of volatile weight keeping 
pace with the age of the culture may be interpreted to mean 
that the organism in an environment of abundant food may need 
more than the ordinary supply of water, so that, the food de- 
creasing, there is a decrease in the amount of water absorbed. 


CULTURAL CHARACTERISTICS 


Since the characteristics of the organism as grown on its 
accustomed medium are to be compared with those in a 
changed environment, a summary of the normal characteristics 
is necessary. In morphology, staining, and cultural traits, this 
organism showed only what is ordinary to B. coli. On Hiss’ 
carbohydrate-serum-water medium, it produced acid and gas in 
glucose, levulose, galactose, maltose, sucrose, dextrin, and 
mannit. 


BIOCHEMICAL CONSTITUENTS 


Preliminary. The biochemical constituents are here under- 
stood as water and volatile matter; ash and ash constituents; 
sulphur; phosphorus; calcium; total nitrogen; amino-nitro- 


1 Leach, Journ. Biol. Chem., 1906, 1, 463. 
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gen; fats and waxes; coagulable protein; soluble protein; 
carbohydrates; cellulose-like substances; residue. 

In making determinations of this nature on bacteria, some 
of the well established methods are obviously inapplicable, and 
less well recognized ones had to be adopted, e.g., for extraction 
of fat. This necessitated, in such cases, before all else a careful 
investigation of the method. 


DISCUSSION OF METHODS 


Water and volatile matter were determined only by desiccation. 

Ash. The material was incinerated in a silica crucible and 
kept at a dull red glow to constant weight; cooled in vacuo and 
weighed. Constituents of ash were subjected to ordinary quali- 
tative and quantitative methods. 

Sulphur. Total sulphur was estimated on both wet and dried 
bacteria. The material was heated with sodium carbonate and 
an excess of potassium nitrate, extracted with water, neutral- 
ized, and after precipitation weighed as barium sulphate. 

Loosely combined sulphur was estimated as sulphide. The 
material was boiled four hours in 10 per cent KOH, neutralized 
with acetic acid, and precipitated as lead sulphide, care being 
taken during the process to prevent the formation of lead sul- 
phate or carbonate. 

Phosphorus. The material was first decomposed by boiling 
nitric acid, precipitated by ammonium-phospho-molybdate, re- 
dissolved in ammonium hydroxide, reprecipitated and estimated 
as magnesium pyro-phosphate. 

Calcium. The material was decomposed by boiling sulphuric 
acid, precipitated by absolute alcohol, washed with 40 per cent 
aleohol at 34°C., and weighed as sulphate. 

Total nitrogen. This was estimated by the macro-Kjeldahl 
method. 

Amino-nitrogen was determined by the Van Slyke method. 
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Coagulable protein 


Preliminary. Since a quantitative estimation of the protein 
content of the bacterial cell would assist in determining biolog- 
ical variations, the ideal method of protein extraction would 
involve the disintegration of the cell material without injury to 
the proteins. But the cellulose-like structure of the cell presents 
interference. To dissipate this, two alternatives are offered; to 
employ a cellulose enzyme, or to carry on extraction as far as 
possible by means of chemical reagents. Enzymes, however, 
are objectionable. Chemical reagents therefore must be re- 
sorted to, success depending on proper selection. 

In exploring the effect of acids, alkalis, and neutral salts and 
solvents on proteins, it appeared that distilled water and sodium 
chloride possess greatest efficiency especially at reduced pressure. 
Of the two solvents, distilled water was discarded because it 
extracts fats together with proteins, and sodium chloride was 
selected as being a more powerful protein solvent. 

The method of determining quantitatively the protein content 
of bacteria was therefore the following: Weighed amounts of wet 
bacteria were subjected to extraction by a definite amount of 6 
per cent NaCl for twenty-four hours at 50°C. under 250 mm. pres- 
sure. After sedimentation, decantation of the supernatant liquid 
followed. The sediment was washed, and after the wash waters 
had been added to the original liquid, the whole was reduced to 
its original volume by evaporation. Part of this solution was 
weighed to ascertain the approximate protein content. 

This solution heated to 85 to 90°C, with acetic acid to a con- 
centration of 0.01 per cent, produces a coagulum, which when 
washed and dried on a weighed filter, is estimated as coagulable 
protein. The filtrate from the previous operation, after being 
diluted to 0.1 per cent NaCl was divided into two parts; one 
part was precipitated by HCl 0.1 per cent, and the other part 
by 0.1 per cent KOH. The precipitates were washed, dried, 
and weighed as acid-precipitable and alkali-precipitable protein. 

The filtrates from the acid- and alkali-precipitations still gave 
evidence of containing protein not easily precipitated by mineral 
acids, alkalis, and neutral reagents. After neutralizing, the 
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protein content of these filtrates was estimated by Esbach’s 
method, and listed as soluble proteins. 

The insoluble residue containing a protein which resisted 
extraction, was subjected to tryptic digestion; the difference in 
weight before and after digestion was recorded as insoluble 
protein. 

The substance remaining after the last operation, having 
given no protein reaction, nor showing the presence of nitrogen, 
was reserved for other examinations as residue. 


Fats 


Preliminary. Determinations of fat could not be made with 
accuracy until the known methods were examined. Experi- 
ments showed fat to be at least partly intracellular, and con- 
sequently total disintegration of the cell was necessary. The 
liberation of fat without its deterioration after cell disintegration 
waseffected by means of alkaline hypochlorite, commercially 
known as ‘antiformin.’ 

Method. Weighed quantities of wet bacteria were treated 
with 20 per cent antiformin for twenty-four hours at 30°C., 
then warmed to 60°C. for one hour. After cooling to 15°C., 
and neutralizing with N/10 sulphuric acid, the solution was 
evaporated to dryness at 80°C., ground, and extracted with 
ethyl- or petrol-ether. 

This residue was slowly boiled in 10 per cent NaOH, and after 
boiling, was rendered acid with dilute sulphuric acid. It was 
then diluted to three times the original volume with distilled 
water and cooled to 7° to 10°C., after which it was filtered. The 
precipitate was washed, dried, and extracted for five hours with 
petrol-ether. 


Carbohydrates | 


Preliminary. When the bacterial residue, after protein ex- 
traction, is treated with concentrated sulphuric acid at ordinary 
temperature, it becomes turbid, and dark brown, finally turning 
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to clear deep red. If this reaction is hastened by gentle heat to 
40 to 45°C.-for one hour, diluted with 5 per cent KOH, and 
neutralized, the solution gives a reaction for reducing substances. 

If the same process be carried on at a lower temperature, the 
activity of the acid is decreased, as is evidenced by the color, 
but the amount of reducing substance seems to increase. Also, 
whether normal bacteria or bacterial residue be employed in 
this process, it happens that when the reaction has proceeded to 
the production of a deep red coloration without turbidity, if 
cold distilled water be slowly added, a heavy gelatinous precipi- 
tate settles out of the solution. After neutralizing, this solution 
may be filtered and the precipitate recovered. The amount of 
reducing substances under these conditions is reported as Car- 
bohydrate in terms of glucose. 

The precipitate here obtained, after being washed by decan- 
tation, was found to yield a brown color with iodine, and not to 
be colored blue by iodine-zine chloride. It is soluble in am- 
moniacal cupric oxide (Schweitzer’s reagent), reprecipitated by 
acids, and is soluble in zine chloride, from which it can be re- 
covered on dilution with water. On hydrolysis with sulphuric 
acid reducing substances are formed. 

These characteristics are essentially those of cellulose, and we 
regard the material so obtained as similar to, if not identical to 
that substance. The presence of cellulose in bacterial bodies 
has been a much discussed question, as throwing possible light 
on the vegetable nature of bacteria. The findings of Vaughan* 
seem to indicate that cellulose is absent in bacteria, but we are 
inclined to consider our results as confirming those of Dreyfuss, 
Hammerschlag, and others.’ 

The precipitate here obtained, and quantitatively estimated 
by collecting it on a weighed filter and weighing, was, therefore 
reported as cellulose-like substance. 


? Prot. Split Prod., pp. 66-67. 
3 Zeitsch. fur physiol. Chem., 1887, 9, 181. 
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DETERMINATIONS 


After experimental examination, the above methods were 
adopted uniformly and without modification. 

The material for these determinations was a nine days’ growth 
of B. coli, collected at the stage of maximum development. 

The media employed for obtaining growth, and representing 
change of environment, are described in the adjoined table 2. 

Bacteria collected from these several media constitute the 
material for analyses by the methods already indicated, the 
number of determinations in each analysis varying from 7 for 


TABLE II 


Media employed in obtaining nine days’ growth of B. coli for analysis 








SOLID MEDIA: VEHICLE, AGAR 2 PER CENT TITRATION 
I| Peptone, 1 per cent; meat extract, 1 per cent ............. Neutral 
II | Peptone, 0.5 per cent; edestin 0.5 per cent............ .....+| Alkaline 
III | Peptone, 0.25 per cent, flour proteins, 1 per cent......... .| Alkaline 
IV | Peptone, 0.25 per cent, meat extract, 1 per cent, glucose, 1 
MGCL chu behat CAabdmatesneneannrien ser tkwkeahs Neutral 
V| Peptone, 0.25 per cent, meat extract, 1 per cent, glucose, 1 
EG, 6 WN OU 6 vine ciancncdeecescectetaye Neutral 
VI | Peptone, 0.25 per cent, butter soap, 1 per cent............... 
VII | Peptone, 0.25 per cent, butter soap 1 per cent............... 
VIII | Peptone, none, potato juice, from whole unskinned potato, 
freed from starch, 500 grams potato to litre of medium... 











ash to 20 for nitrogen. For the sake of brevity 3 of the most 
variant results are indicated in table 3. 

Since table 3 does not include the results of all determina- 
tions, but only the most variant, for the purpose of comparison 
the average result for each series of determinations is therefore 
appended. 

Table 4 presents variations in almost all bacterial constituents. 
Though strict interpretation of these results must necessarily 
await the light of further research, attention must be directed to 
the fact that from the simplest to the most complex constituents, 
variation is evident. The water content varies, which may not 














BACTERIAL 


TABLE II 


VARIATIONS 


Data pertaining to the analysis of B. coli grown on media I to VIII. 


tions and calculations are based on wet bacteria 








Water and volatile mat- 
ter 


Ash 


Sulphur (total 


Sulphur 
bined 


loosely com- 


Phosphorus (as P,Qs).. 


Calcium (as CaQ) 


Nitrogen (total). 


Nitrogen (amino-).. 


Protein, coagulable.... 


Protein 
table) 


acid-precipi- 
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4.80 | 2.73 | 
4.80 | 2.70 
| 4.80 | 2.69 
| 
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0.00 | 0.00 
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0.777) 0.887) 
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109) 4.328 
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4.10 
1.07 
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6.53 
6.49 


Deter mina- 
Vil Vill 
cent per cent 
00.36 9 62 
00.31 9 56 
60.26 \79.50 
7.69 | 2.14 
7.69 | 2.11 
7.67 | 2.03 
0.00 | 0.16 
0.00 | 0.14 
0.00 | 0.11 
0.00 | 0.03 
0.00 | 0.03 
0.00 | 0.02 
1.83 | 0.92 
1.83 | 0.92 
1.83 | 0.92 
2.35 | 0.19 
2.33 | 0.18 
2.33 | 0.18 
5.012) 5.030 
5.009) 5.026 
5.003) 5.023 
1.651) 3.016 
1.650) 3.011 
1.650) 3.007 
5 35 5 57 
5.35 5.56 
5.31 5.53 
6.90 | 2.14 
7.01 | 2.09 
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TABLE IlI—Continued 





MEDIUM 





I | m | m|wif]v if vi vu | vir 

— K—|— 
per cent per cent|per cent\per cent per cent per cent| per cent! per cent 
5.64 | 7.50 | 2.89 | 6.20 | 5.41 | 6.72 | 6.84 | 4.29 


5.61 .47 | 2.83 | 6.01 | 5.32 | 6.63 | 6.79 | 4.24 








Protein (alkali-precipi- } 


| SE REE d 
—— || 5.58 | 7.39 | 2.76 | 6.00 | 5.28 | 6.57 | 6.79 | 4.19 
{| 0.06 | 2.20 | 1.47 | 0.09 | 0.14 | 0.09 | 1.22 | 1.14 
Protein (soluble)........ 0.05 | 2.27 | 1.30 | 0.09 | 0.11 | 0.09 | 1.21 | 1.08 
{| 0.04 | 3.01 | 1.22 | 0.05 | 0.08 | 0.08 | 1.21 | 1.07 
0.05 | 0.05 | 0.10 | 0.07 | 1.01 | 0.08 | 0.13 | 0.04 
Protein (insoluble)...... ¢| 0.05 | 0.03 | 0.08 | 0.05 | 0.98 | 0.06 | 0.09 | 0.02 


{| 0.05 | 0.03 | 0.08 | 0.03 | 0.98 | 0.06 | 0.09 | 0.02 

| 1.03 | 2.40 | 2.05 | 1.43 | 1.76 | 1.00 | 1.52 | 0.81 

Residue (insoluble)...... {| 0.99 | 2.39 | 2.01 | 1.39 | 1.69 | 0.97 | 1.48 | 0.78 
{| 0.99 2.32 | 2.00 | 1.39 | 1.63 | 0.95 | 1.43 | 0.75 

[ 4.06 | 4.40 | 4.91 | 5.80 | 8.01 ° ° 5.10 
ET Fe ae 2 Se <| 4.01 | 4.34 | 4.82 | 5.78 | 8.00 5.06 
3.98 | 4.29 | 4.78 | 5.75 | 8.00 5.05 

4.03 | 3.13 | 2.22 | 1.41 | 2.73 | 3.06 | 2.95 | 1.04 
Carbohydrate........... 4.00 | 3.10 | 2.19 | 1.39 | 2.68 | 3.00 | 2.90 | 1.00 
{| 3.97 | 3.09 | 2.17 | 1.35 | 2.66 | 2.97 | 2.86 | 0.97 
( 1.03 | 2.45 | 2.06 | 1.46 | 1.79 | 1.10 | 1.55 | 0.90 
Cellulose-like substance. {| 0.99 | 2.41 | 2.01 | 1.40 | 1.76 | 1.08 | 1.51 | 0.83 
{ 0.98 | 2.39 | 1.97 | 1.37 | 1.70 | 1.07 | 1.49 | 0.76 





























*Not determined, because of extraneous fat attached to bacteria. 


be as significant as other variations. There is an increase in 
the amount of ash and amino-nitrogen in the case of fat- 
media; protein is high where protein is present in the medium 
and highest where the medium-protein is in soluble form. 
Differences in quantity of coagulable protein show that the 
bacterial protein is, in many instances, itself different. This 
is supported by the fact that the ratio of nitrogen to any one 
of the protein fractions, or to all of them combined, is not con- 
stant. Also, it can be seen that the presence of certain sub- 
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TABLE 4 
Summary of results obtained by use of different media in the cultivation of B. « 
MEDIUM 
I Il | Il IV Vv VI Vil Vill 





| per cent | per cent per cent per cent per cent per cent per cent per cent 
Water and volatile matter.|74.84 2.5 (60.25 |75.01 |74.9 (60.69 |60.32 |79.55 
Ash niwae 14.8 (2.7 12.5 | 4.5 | 4.5 | 7.83 | 7.69 | 2.1 
Sulphur (total) | 0.06/0.0 |0.0 | 0.1 |0.09/0.0 | 0.0 | 0.14 








Sulphur (loose) | 0.0 0.0 | 0.0 | 0.02) 0.011} 0.0 | 0.0 | 0.03 
Phosphorus P,Os. | 4.24 | 3.48 | 2.38 | 2.89 | 3.30 | 1.69 | 1.83 | 0.92 
Calcium’ CaO | 2.66 | 0.05 | 1.06 | 2.62 | 2.60 | 2.34 | 2.34! 0.19 
Nitrogen—Total...... | 2.843] 3.02 | 6.22 | 2.405] 2.115) 4.327] 5.005] 5.027 
Nitrogen— Amino | 0.771) 0.891) 2.970) 0.724) 0.691) 1.696) 1.650) 3.012 
Protein, coagulation.. | 2.99 | 0.97 | 4.66 | 2.34 | 2.47 | 4.05 | 5.32 | 5.54 
Protein, acid-precipitable.| 7.42 | 6.61 | 9.57 | 7.32 | 4.61 | 6.47 | 6.93 | 2.08 
Protein, alkali-precipitable) 5.60 | 7.44 | 2.80 | 6.05 | 5.33 | 6.63 | 6.80 | 4.22 
Protein, soluble 0.05 | 2.25 | 1.31 | 0.07 | 0.10 | 0.08 | 1.21 | 1.10 
Protein, insoluble. 0.05 | 0.04 | 0.09 | 0.06 10.99 | 0.07 | 0.10 | 0.03 
Residue; insoluble....... | 1.00 | 2.37 2.00 | 1.40 | 1.70 | 0.98 | 1.49 | 0.76 
Fats. 3.99 | 4.32 | 4.82 | 5.77 | 8.00 ;-* * | 5.07 
Carbohydrate. | 4.00 | 3.10 | 2.19 | 1.38 | 2.69 | 3.01 | 2.88 | 1.00 
Cellulose-like substance. | 1.00 | 2.42 | 2.01 | 1.41 | 1.75 | 1.09 | 1.52 | 0.81 








*Not determined because of extraneous fat attached to bacteria. 


stances in the environment, particularly fats, alters the chemical 
constitution of the organism. 


BIOLOGICAL VARIATIONS 


As the chemical constituents of the bacterial cell seem to be 
affected by a change in medium, so does it appear that the 
biological characteristics alter. Having seen that bacteria vary 
as stated above in regard to chemical composition when grown 
on different media, it seemed desirable to determine if such vari- 
ation was accompanied (as might be reasonably expected) by 
variations in the biological activities of the organism. 

From those biological characteristics that can be definitely 
measured, we have selected (1) the ability to produce enzymes 
capable of splitting different carbohydrates with the formation 
of gas and acid; and (2) the ability to agglutinate with immune 
rabbit serum prepared with the organism as antigen. 
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CARBOHYDRATES 


The organism (B. coli) was grown on the 8 different media 
used above, and after about 200 generations was transplanted 
directly in every case to tubes of litmus-carbohydrate-serum- 
water, in which the production of acid and gas was noted. The 
time of the appearance of the phenomena in each case is recorded 
in table 5. 

TABLE 5 


Results of B. coli grown on 8 different media and transferred to litmus-carbohydrate- 
serum-water. ‘‘A’’ indicates hours required to produce marked acidity to litmus. 
“G"’ indicates hours required for first appearance of gas 





MEDIUM 





CARBOHYDRATES Ill | IV | y | VI VII | VII 





a|lc|ala/|a|a/ala|alGc/ala 





Lactose.. 24) 24) 24) 24) 18) 18 10} 10] 10} 10} 10] 10] 10) 48) 48 
Mannit 24) 24) 24) 24) 24) 24) 18) 18/ 18) 18) 10) 10) 10) 10) 48} 48 
Sucrose. .... 24} 24| 36) 72| 36) 0} 24| 24] 24! 24) O| O] O} O 48 
Maltose 24] 24| 18] 18] 18] 18] 18) 18] 18| 18] 18] 18] 10] 10| 36) 36 
Levulose 24) 24) 24) : 24) 24) 24] 12) 12} 5] 5| 5] 5] 48] 48 
Glucose 24) 24) 24) 24) 2 24| 24) 24) 24; 24, 5) 5| 5 5) 36) 36 
Galactose.. 24] 2 8) 18) 12} 12} 12) 12} 5] 5} 5| 5) 40) 40 
Dextrin... | 36] 36} 30| 30] 24) 24) 30) 30 10) 56) 56 









































Since the organisms were originally the same, variations ob- 
served in the carbohydrate media are referred to changes of 
the bacteria during growth in the 8 media selected. From this 
table it is seen that great variations in the enzyme produc- 
tion of bacteria are produced by appropriate changes in the 
environment. This is evidenced by the widely differing results 
obtained by the organism after becoming accustomed to differ- 
ent metabolic conditions. The organism from medium I be- 
haves precisely as a B. coli-communior, while from media VI 
and VII it possesses almost the type characteristics of a B. coli- 
communis. Although bacteriologists have been accustomed to 
regard them as distinct species, we have been able, by the aid 
of fatty acids in the culture medium, to obtain what practically 
amounts to a transposition from one to the other. 
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AGGLUTINABILITY 


In order to test variability, if any, in the agglutinability of 
the organism after removal from the 8 specified environments, 
sera were prepared from rabbits injected with the organisms 
grown on media I, III, V, and VII. The sera were then used in 
producing agglutination of the organism grown on all the differ- 
ent media. The results are given in table 6. 


TABLE 6 


Agglutinating organism (B. coli) grown on 


AGGLUTINAT- 


ING MEDIUM 
ORGANISM AS 
ANTIGEN ee — 
GROWN ON 
MEDIUM I II III IV \ VI +} VH VIII 
I 400 | 400 400 400 100 400 10 1) 
Ill | 500 | 500 | 800 | 60 | 700 100 100 700 
| | 
V | 450 | 450 | 630 | 700 850 700 750 500 
VII 600 600 | 800 60 | 800 | 90 900 700 


The fact that almost the same agglutination was observed in 
every case shows by the most conclusive test we know that sero- 
logically the organism retained the properties of the colon bacil- 
lus. The organism presents the most active antigenic properties 
when grown on a medium containing fat, the least when grown 
without protein. The maximum agglutination generally takes 
place when the antigenic and agglutinated organism are grown 
on the same medium. 

This establishes a very definite proof of the constitutional 
change in the organism. The differences observed in agglutin- 
ability are easily as great as those frequently utilized to dem- 
onstrate the existence of different ‘‘strains’’ of the same basic 


organism. 

Since antigenic differences appear to be produced so readily, 
it seems to us reasonable to suppose that they can be found in 
all bacteria, and can be referred to the immediate past environ- 
ment of the organism: further real information they do not 
disclose. These findings warn us, on the other hand, that bac- 
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teria are capable of change: consequently, if the slightly variable 
strains, frequently kept for investigation in laboratories, remain 
on the same medium for a long period, they can be expected to 
lose their differential characteristics, exhibiting only those that 
are common to all the strains. 

Connected with these fundamental changes we have sought 
evidence of morphological alteration. The organism grown on 
medium I showed a bacillus about 2 micra long, in thickness one- 
quarter its length; on medium III, generally 3 to 5 micra long, 
almost 1 micron thick; on medium VII, 3 to 5 micra long, more 
than 1 micron thick. The true significance of these morpho- 
logical changes must be determined by the variations already 
noted. 


GENERAL CONCLUSIONS 


We have shown that by changing the character of the media 
upon which a given variety of bacteria is grown, the chemical 
constitution of the bacteria can be made to vary, and with it, 
certain biological characteristics such as agglutinability with 
immune serum and the formation of sugar-splitting enzymes. 
In some instances the variations practically amount to the 
“production” of a new strain. Accompanying morphological 
changes appear to be relatively unimportant. 
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The use of animal tissues added to media for the cultivation 
of bacteria is by no means new. The value of fresh sterile tissue 
added to various media has been clearly demonstrated for the 
growth of anaerobic microorganisms as in the method of Theo- 
bald Smith. The object of this paper is to bring to the atten- 
-tion of bacteriologists the cooked meat medium, now so widely 
used in the study of the anaerobic bacteria of war wounds, and 
to show its usefulness in routine bacteriological study as well as 
in more special lines of research. 

Theobald Smith in 1890 first made use of unheated animal 
tissue for anaerobic growth. In 1905 Tarozzi, as Theobald 
Smith says, ‘rediscovered the method.’ He used 1 cc. pieces 
of tissue added to tubes of ordinary broth and found that he 
could heat the tubes to boiling for under five minutes and still 
get anaerobic growth. Tarozzi further showed that bouillon, 
made from infusion, heated, tubed without filtering and steril- 
ized at 1040 to 105°C. for fifteen minutes, gave growth of obliga- 
tory anaerobes, while the filtered bouillon did not. The albu- 
minous clot was decolorized during the sterilization and following 
the growth of the anaerobes became more or less red. In ten 
to fifteen days this unfiltered bouillon loses its ability to grow 
the anaerobes. If heated to 110° the medium is usually un- 
favorable. This author also found that by adding sterile tissues 
to ordinary bouillon and removing it at the end of some hours, 
the conditions for anaerobic growth were present in the bouillon. 


! Read before the American Association of Pathologists and Bacteriologists, 
Philadelphia, 1918. 
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In 1899 von Hibler employed an emulsion of brain in water 
using open tubes and prolonged steam sterilization. He noted 
differences in the color changes resulting from the growth of 
various anaerobes and used the medium to divide these bacteria 
into two groups. One of these groups caused blackening of the 
brain emulsion and produced alkali while the other left the color 
unchanged and formed acid. 

In his extensive study of the pathogenic anaerobes in 1908 
von Hibler gave fuller details of the use of this brain medium. 
It is made of brain finely minced, mixed with from one-third 
to one-fourth its volume of water or normal salt solution, tubed 
in tall tubes and sterilized in flowing steam for one and a half 
hours. He had used this medium since 1894 and emphasized 
the advisability of boiling for half an hour just before seeding. 
He explained the anaerobic conditions as being due to slow 
reabsorption of oxygen owing to the consistency of the medium 
as well as to the presence of reducing substances in the brain 
tissue. The blackening which occurred from the growth of the 
proteolytic group he considered to be due to the action of sul- 
phuretted hydrogen on iron in the presence of alkali. All the 
anaerobes von Hibler studied formed H.S but the combination 
with iron only occurred where alkali was also produced. The 
use of muscle in place of brain was very briefly considered. 
The proteolytic group turned the muscle greyish or brownish- 
green to black while the active carbohydrate-fermenting group 
changed the color to red. Von Hibler further noted that the 
harmful effects of the acids formed in the meat on the bacteria 
were much less than those found in milk or the carbohydrate 
serum media. 

Miss Robertson (1916) carefully analyzed von Hibler’s results 
and substituted bullock’s heart with equal quantities of water, 
for the brain in the emulsion, made the medium alkaline to 
litmus and found it equally useful for differentiation. She 
noted that the blackening may be delayed or absent if the 
medium remains acid. 

Henry (1917) using the Robertson medium described further 
useful reactions for distinguishing certain of the anaerobes. 
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He pointed out that the muscle glycogen is converted into glu- 
cose and isomaltose so that the carbohydrate content in this 
medium approximates one per cent. The production of tyrosin 
in large amount by B. histolyticus in lesser quantities by B. 
sporogenes and most variably by B. welchii, are useful observa- 
tions as indications of protein digestion. The red color change 
in the meat he considered due to an acid derivative of hemoglobin 
and according to the amounts of acid produced it is bright and 
stable or pink and readily decolorized. The blackening of the 
meat he believed to be due to the formation of iron sulphide 
but thought it might be a tyrosin derivative or a humin sub- 
stance from condensation of an amino body with a sugar. 

McIntosh (1917) made little or no use of the meat medium 
and the value of his important contribut'on to the classification 
of the anaerobic bacteria of war wounds suffers in consequence. 

While working in the Robert Walton Goelet Research Labora- 
tory in the Hospital Complementaire V.R. 76 at Ris-Orangis, 
and later at the American Red Cross Hospital of Paris in 1916- 
1917, I had experience with a cooked meat medium made from 
beef muscle in the study of the bacteria of war wounds. Since 
my return I have found it a most useful medium for the growth 
of a great variety of bacteria, anaerobic and aerobic. 

The medium is made as follows: the fresh meat is freed from 
fat and gross fibers, finely minced, ground in a mortar and mixed 
with an equal part of water. It is then slowly heated to boiling 
with constant stirring to allow the soluble albumins to coagulate 
about the meat particles. This coagulated albumin serves in 
itself as a favorable medium for the anaerobes as Tarozzi has 
shown. The emulsion of meat is neutralized or made slightly 
alkaline, using hot titration with phenolphthalein, tubed at least 
two inches high and autoclaved at 115°C. for at least half an 
hour. Just before use, the tubes are put in flowing steam for 
half an hour and then rapidly cooled. The seeding is done by 
pipette, swab or needle and the material thoroughly mixed with 
the meat particles. 

There are no further precautions necessary to obtain anaerobic 
conditions. All the anaerobes from war wounds which I have 
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studied grow readily in these open tubes such as B. welchii, 
vibrion septique, B. oedematiens, B. tertius, B. fallax, B. aero- 
fetidus, B. sporogenes, B. histolyticus, B. tetani, B. pseudotetani 
and others. Not only do the anaerobes grow luxuriantly in this 
medium but the aerobes do equally well. In the routine study 
of war wounds I have found the cooked meat the best general 
medium for the growth of the mixed flora liable to be encoun- 
tered. Hemolytic and non-hemolytic streptococci, capsulated 
cocci, staphylococci, Gram negative cocci, various diphtheroids, 
colon-like bacilli, members of the B. mucosus-capsulatus group, 
B. proteus, B. pyocyaneus and many other bacteria grow readily. 
The chain formation of the streptococci is particularly well 
shown and the morphological differences between the Strepto- 
coccus viridans and the Streptococcus hemolyticus groups are clear 
and have been confirmed by blood agar plating. 

Perhaps the most favorable character of this medium, after 
its general growth stimulating influence, is that the products of 
growth do not rapidly destroy the various forms and of all the 
media in common use it is to the meat medium that one can 
constantly return to reisolate bacteria which have died out or 
have become hopelessly overgrown in other media. Just what 
the exact conditions are which favor this symbiosis is hard to 
say. The meat particles act no doubt as buffers to the extremes 
of reaction, especially absorbing undue amounts of the acids 
produced in the cultures. I have been able to reisolate a great 
variety of bacteria from the original mixed meat cultures which 
I brought with me from France. These reisolations from mixed 
cultures have been made after from six to ten months and it is 
quite remarkable the number of cases from which I have re- 
grown the same types of organisms as were originally rapidly 
isolated. I have grown in this way streptococci of the viridans 
group, staphylococci, Gram negative cocci, diphtheroids and 
many others besides a great variety of anaerobes. Some of these 
latter were partially separated and were stored on the meat 
medium for further study. In no case, of those I have restudied, 
with two possible exceptions, have I failed to regrow the various 
anaerobes. The meat is the best single medium we have for 
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studying the anaerobes of war wounds, the reactions are useful 
for rapid differentiation of groups as well as for individual iden- 
tification, and no other medium we have can so readily indicate 
the presence of anaerobes in mixed cultures where they are often 
not expected. I have confirmed the changes in the medium 
described and splendidly illustrated by Henry in my study of 
anaerobes from war wounds as well as for anaerobes from civilian 
cases and other sources. A fuller discussion of these will appear 
in a later paper on anaerobic bacteria. 

I have also used this medium for growing other anaerobes 
with good results. A culture of Actinomyces which I isolated 
from a human case grows well in the open meat medium, in 
whitish granules which can be readily picked, examined in moist 
preparations or crushed and reinoculated in glucose agar shakes. 
The white granules of varying size develop best in a zone similar 
to that in a glucose agar shake. The growth so obtained makes 
useful material for student teaching in lieu of the fresh pus. 
Another anaerobe of interest here is the bacillus of acne which 
grows rapidly and particularly well in this medium the growth 
forming heavy white deposits on the meat particles in the upper 
portions of the tube. For these two anaerobes, which are 
more or less difficult to store, this medium is most useful. The 
culture of Actinomyces has been transferred after one hundred 
and fifty days and showed no evidence of dying out and the 
bacillus of acne is equally long lived and gives the typical ring 
growth in glucose agar on transfers up to at least five months. 
Cultures made from the scrapings of the teeth in this medium 
to indicate one of its many general uses, reveal growths of many 
leptothrix, fusiform and other microorganisms often seen in 
direct smear but rarely cultivated. 

It is important to remember that in the use of fresh tissue, 
although this is still necessary for the growths of many of the 
stricter parasites, there is always present the disturbing possi- 
bility of contamination, not so much from without as from the 
animal tissue itself. This has been pointed out by many workers 
from Theobald Smith (1890) to the later work of Ford, Tarozzi, 
Adami, Wolbach and Saiki and many others, It is so uncertain 
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a factor that fresh tissue in culture media cannot be employed 
as a method for the routine work for the general bacteriological 
laboratory and it is just here that the cooked meat medium 
fills a long felt want. 

De Kruif, Adams and Ireland in confirming the results of 
Bull and Pritchett on the toxin production of B. welchii found 
the amount of toxin to be as great in a veal mash broth as with 
fresh sterile tissue. 

This meat medium finds in the study of the anaerobes perhaps 
its most useful place and offers a broad field of study for the 
biological chemist as well as for the bacteriologist. Investiga- 
tion of the results of proteolysis by pure cultures of well iden- 
tified anaerobes has received but little attention. The study of 
crystal forms which moist preparations show to be abundant in 
many of these cultures will undoubtedly amply repay the time 
expended. The application of these studies to the activities of 
the anaerobes in the intestinal tract, more especially in putre- 
factive conditions, may well lead to a clarification of many vexed 
questions. 


CONCLUSIONS 


The cooked meat medium is the most useful medium we have 
at present for obtaining growth of both anaerobic and aerobic 
bacteria, for storing mixed cultures for later isolation as well as 
pure cultures for further investigations. 

We have in this medium a ready means for the cultivation of 
the anaerobes and the storing of pure cultures. The changes 
in reaction, color, odor and the evidences of varying degrees of 
proteolysis make it of the greatest importance in differentiating 
many of the types and adds to its value. It is further most 
useful in growing and storing cultures of the Actinomyces hominis, 
Bacillus acne and many others. 

It is a medium simply made which can be readily sterilized 
and owing to its high buffer character is adaptable to the growth 
of a great variety of bacteria. 
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THE DELAYED DEVELOPMENT OF COLONIES ON 
PLATES SEEDED FROM DISINFECTED SEWAGE 


W. S. STURGES, JR. 
Bacteriologist, Sewage Experiment Station, New Haven, Connecticut 


teceived for publication September 28, 1918 


An experiment station for the study of various methods of 
treating the sewage of New Haven was operated by the city 
during the year June 1917 to May 1918, under the direction of a 
Committee of which Prof. C.-E. A. Winslow of Yale University 
was Chairman; and the author desires to express to Professor 
Winslow, and to Prof. L. F. Rettger, his thanks for advice and 
suggestions in regard to the work reported here. Chemical 
analyses were made by Dr. F. W. Mohlman, Chemist in charge 
of the station. 

The New Haven Sewage Experiment Station offered peculiar 
opportunities for observing the effect of three widely used disin- 
fectants—namely, copper, chlorine and sulphurous acid-—-on the 
bacterial content of sewage. The first of these substances occurs 
in the sewage itself in varying amounts during the working 
hours of the day, being derived from a trade waste discharged 
into the sewage by munition works at a distance of 2} miles 
above the station. During the manufacturing process in ques- 
tion shells are washed in hot water and sulphuric acid. This 
acid wash containing considerable copper sulphate is discharged 
into the sewer. The alkalinity of the sewage is sufficient to 
neutralize this acid waste except in occasional instances. The 
copper sulphate is probably changed first into the basic carbon- 
ate and then gradually converted into the hydroxide. Since the 
latter is insoluble it is presumably before this last change takes 
place that the copper exerts its disinfecting action. The other 
disinfectants discussed, sulphurous acid and chlorine, were 
added to the sewage as a part of our investigation. The sulphur 
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dioxide was applied as part of the Miles acid process of treat- 
ment in quantities sufficient to keep the effluent faintly acid. 
The acidified sewage was retained for four hours at the end of 
which time bacteriological examination was made. Liquid 
chlorine was added to the effluents of three of the processes under 
investigation in the usual way, plates being made after a period 
of contact of thirty minutes. 


ANTISEPTIC ACTION OF COPPER SALTS 


It was soon apparent, after beginning our investigation, 
that trade wastes were exerting a strong disinfectant action on 
the sewage at this outlet. A comparison of the counts made at 
different hours of the day indicates this fact. 

It will be seen from tables 1 and 2 that the early morning and 
Sunday samples of sewage have very much higher counts than 
samples taken at hours when factory wastes might be expected 
to be present. 

Evidence as to the exact source of the disinfectant was sought 
by taking samples at different points along the sewer from its 
outfall upward along its course. ‘The results are given in table 3. 

It will be noted that above the munition works a total count 
of nearly 1,000,000 bacteria per cubic centimeter and 100,000 
gas formers per cubic centimeter was found, while below the 
munition works the total count was reduced to a few thousand 
and the gas formers to 100. Above the munition works no 
copper was detectable while the sewage immediately below con- 
tained nearly 9 parts per million. All samples were alkaline. 
It seems reasonable, therefore, to conclude that the low count 
of the sewage noticed throughout the week days in our investi- 
gation was due to the disinfectant action of this copper waste. 
This is quite in keeping with the results obtained by Johnson 
and Copeland' on the application of copper as a disinfecting 
agent for sewage. Some of their results at the Columbus Test- 
ing Station are shown below. 


1 Journ. Infect. Dis., Sup. I, 327, 1905. 








DELAYED. DEVELOPMENT OF COLONIES ON PLATES 159 


TABLE 1 


Disinfection of sewage by copper, August 10, 1917 


DECOLORIZATION TIME 


PARTS PER MILLION 




















METHYLENE BLUE 





BACTERIA PER GAS FORMERS 
cU BIt PER CUBI 





Tis ——— ee — mi ae cag age = - —— CENTIMETER CENTIMETER 

Chlorine) AIfy'™| Iron | Copper! [uted 2 ‘water. ”s iti 
a.m | | hours hours | 
6.00; 30) 94 | 0.1 | 0.56 | 6 120 | 3,700,000 100.00 
7.00 | 3,750| 136 | 0.2 | 1.52] 6 24 
8.00 | 3,100} 160 | 5.0 | 1.36] 24 72 | 2,500,000 | 1,000,000 
9.00 2,900 | 101 1.8 2.88 | 48 120 | 
10.00 | 2,800 | 43 | 0.3 4.80} 168 192 19,000 100 
11.00| 2,750] 114 | 0.4 | 2.72] 60 144 
12.00 | 2,800 98 0.2 | 4.00 | 144 168 559,000 1,000 
p.m. 
1.00 | 3,075 6 | 5.5 | 5.60 | 240 240 
2.00 | 3,200 86 0.6 1.92 24 72 187,000 10,000 
3.00] 3,325} 91 | 0.7 | 1.60; 24 | 120 | 
4.00} 3,375} 88 | 0.2 1.92} 48 | 6 | 39,000 100 
5.00} 3,450} 98 | 0.1 | 3.52] 150 | 144 | 
6.00} 130] 103 | 0.4 | 2.88} 216 | 100 45,000 1,000 
7.00 95} 63 | 1.4 | 1.28] 72 | 80 
8.00} 52] 92] 0.2 | 0.64/ 24 | 96 | 33,000] 1,000 
9.00 50} 9 | 0.0 | 0.44} 6 | 24 | | 

TABLE 2 


Bacterial content of sewage, 


July 9-26 























TOTAL COUNT PER CUBIC CENTIMETER, AGAR 20°C. |Ga8 FORMERS PER CUBIC CENTIMETER, 37°C. 
DAY 
8.00 a.m. 10.00a.m.| 1.00pm | 4.00p.m. | 8.00a.m. | 10.00a.m.| 1.00 p.m. 4.00 p.m 
} | ~ 
Monday...| 1,500,000} 225,000} 59,000} 16,000 | 100,000} 1,000; 1,000 100 
Tuesday. .| 1,080,000} 128,000 5,000 7,500 | 100,000 | 100} 1,000 100 
Wednes- | 
day.....| 1,670,000} 81,000 7,000} 100,000 | 100,000 100 | 100} 1,000 
Thursday.| 1,100,000} 148,000 1,500 12,000 | 100,000 | 10,000 100 10 
Friday 1,125,000 42,000 9,000 9,000 | 100,000 100 | 100 100 
Saturday 68,500 7,100} 800,000* 100 | 10| 100,000* 
Aver- 
age | 1,295,000} 115,400 14,700} 159,000 | 100,000! 1,900 385) 17,000 
Sunday.. | 3,355,000] 2,275,000) 2,535,000 | | 100,000 | 100,000! 100,000 











*Factories shut down at noon Saturday. 
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The period of contact in our case is the length of time that it 
takes the sewage to flow from the munition works to our labora- 
tory. This we compute to be in the neighborhood of one hour. 
Our analysis (table 3) showed 8.8 parts of copper per million at 
the munition works but this is doubtless often exceeded, as we 
frequently obtained samples with lower bacterial content. It is 
to be expected therefore that the bacterial content of our sewage 
might frequently be reduced to a few thousand per cubic centi- 


meter. 
TABLE 3 


Source of copper in the New Haven sewage 














| | 
| PARTS PER MILLION | BACTERIA eas 
DESCRIPTION OF SAMPLE } NUMBER l pn — nna | sam Gauee 
| Alkalinity] Copper | Ten 20°C. [(S——— 
Near source of sewer . 1 54 0.0 990,000 | 100,000 
Bel munitions factory ¢ 2 vee 8.8 3,000 100 
LOW ( 5 ac Feeawnees 
on ; ; | 3 165 5.6 3,000 | 1,000 
Small branch sewer........... 4 134 0.0 559,000 10,000 
( 5 70,000 100 
Main sewer i” 6 156 1.9 380,000 10,000 
7 90 3.5 65,000 1,000 
Experiment station.... , Ss 130 53,000 1,000 

















On noting some of the very low counts obtained it occurred to 
us that possibly we were not finding all of the organisms that 
were really present. This proved to be the case. By prolonged 
incubation a count often developed many times greater than the 
one obtained at the end of two or three days. This phenomenon 
was so marked in the case of the “disinfected” samples that it 
was suspected that they differed in this respect from the samples 
containing no trade waste. 

Accordingly in making counts of subsequent samples of raw 
sewage plates were kept in the incubator and recounted at the 
end of seven days. The “‘disinfected’’ samples as a rule show a 
marked increase on prolonged incubation. This increase is 
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quite variable as doubtless is the amount of copper in each 
sample. Frequently however the count at the end of seven 
days shows an increase of several hundred per cent over the 
three day count. This increase tends to be most marked in the 
samples having low initial count, that is in samples that have 
been most completely disinfected. 

Space does not permit the full tabulation of all the results 
obtained. Seventy samples of raw sewage which were collected 
on Sundays or Saturday afternoons and at 8.00 a.m. on week- 
days (sewage containing relatively small amounts of copper 
wastes) gave an average of 222,000 bacteria per cubic centimeter 
after three days’ incubation and an average of 348,000 after 
seven days’ incubation. The per cent increase for individual 
samples between three and seven days varied from 2 per 
cent to 478 per cent and averaged 93 per cent. On the other 
hand 68 samples of sewage collected on week days after 8.00 a.m. 
(containing large amounts of copper wastes) gave an average 
count of 85,000 per cubic centimeter after three days and an 
average count of 155,000 per cubic centimeter after seven days. 
The per cent increase from the third to the seventh day varied 
from 17 to 1000 per cent and averaged 203 per cent. 

A closer measure of the effect of the copper salts in delaying 
the development of colonies among the bacteria which they 
fail to kill outright is obtained by grading the samples of crude 
sewage according to their actual copper content. This was 
roughly accomplished as follows. 

In determining the non volatile suspended matter in our 
chemical analyses we ignited the mat in a Gooch crucible after 
filtering 100 cc. of the sewage. After ignition the residual 
suspended matter on these mats was often found to be distinctly 
red, owing no doubt to the presence of cupric oxide. Each 
sample was placed in one or another of five groups according to 
the depth of color in the ignited mat. This crude determination 
probably gives a rough indication of the amount of copper salts 
present. In table 5 the samples of specially high and specially 
low copper content are compared upon this basis. 

The count for the low copper samples doubled on incubating 
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for seven days while the seven day count for the samples high 
in copper was over four times as great as the three day count. 
The average increase on prolonged incubation was three and one 
half times greater in the high copper than in the low copper 
group. 

Three explanations of this delayed colony formation on the 
plates seeded with sewage containing copper salts suggest them- 
selves. In some instances it might be assumed that the copper 
was present in sufficient strength to exert an inhibitory action 
in the plates after the diluted sewage has been mixed with the 

















TABLE 4 
Effect of copper sulphate on bacteria in Columbus sewage (Johnson and Copeland, 
1904). Composition of sewage 
ORGANIC NITROGEN | ALKALINITY | BACTERIA PER CUBIC CENTIMETER 
| 
P.p.m. P.p.m. 
6.3 76 1,200,000 
TOTAL COUNT ON GELATIN aT 20°C. 
Cu 
Contact: 0 1 hour 6 hours 24 hours 
p.p.m. 
0 1,200,000 1,200,000 6,000,000 14,000,000 
5 1,200,000 14,000 700 3,400,000 
25 1,200,000 9,500 250 200 
250 1,200,000 3,000 190 35 

















media; although the antiseptic must here be in a very high 
dilution. If the original sewage sample contained 10 parts per 
million a plate poured for a dilution of 1:100 would contain 
about 1 part of copper in 10,000,000 parts of medium. Still 
it is conceivable that even such a small amount of a strong 
antiseptic might retard the growth of some of the organisms we 
are dealing with when they are suddenly placed in such a new 
environment. A single, isolated organism, especially if of 
animal origin, might well be retarded a few days by an extremely 
slight amount of an inhibiting substance. An attempt was 
made to confirm this view by adding slight amounts of a copper 
salt solution to a sample of Sunday sewage at the time of plating. 
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TABLE 


DS 


, , —_— 
Three and seven day counts of raw sewage containing various amou 





LOW COPPER CONTENT—BACTERIA PER 
CUBIC CENTIMETER 








HIGH COPPER CONTENT 


CUBK ENTIMETER 




















Average increase for high 


3-Day count 7-Day count Fpscentage 3-Day count 
144,000 | 269,000 87 245,000 
120,000 | 244,000 | 104 23,000 
160,000 | 312,000 | 9% | 9,000 
132,000 | 277,000 110 33,000 
126,000 | 270,000 | 114 41,000 
134,000 396,000 200 =| 127,000 
142,000 340,000 | 140 7,000 
245,000 395,000 | 61 3,000 
300,000 465,000 55 10,000 
70,000 175,000 | 150 185,000 
36,000 117,000 | 225 3,000 
65,000 135,000 110 3,000 
230,000 500,000 | 115 3,000 
34,000 196,000 480 
115,000 170,000 48 | 
110,000 360,000 240 
168,000 285,000 | 7 CO 
375,000 | 660,000 | 76 CO 
250,000 | 530,000 12 =| 
200,000 | 420,000 50 CO 
154,000 | 183,000 18 
7,000 | 7,500 | 7 
150,000 | 355,000 | 136 
21,000 | 29,000 | 0 | 
177,000 | 292,000 | 65 CO 
50,000 | 60,000 20 
152,000 245,000 | 62 
190,000 255,000 34 
98,000 228 000 133 | 
23,000 28,000 22 «| 
205,000 340,000 6 SCOS 
154,000 249,000 63 | 
250,000 445,000 73 CO 
165,000 280,000 70 
Average increase for low 
copper samples 101 


7-Day count 


395,000 
98,000 
53,000 
73,000 
150,000 
252.000 
$3,000 
15,000 
47.000 
320,000 
12,000 
33,000 
20,000 


copper samples 





; 
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PLATES 16: 
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Percentage 
increase 
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Counts were made at the end of three and seven days incuba- 
tion but neither 5, 10 nor 20 parts of copper caused any appre- 
ciable increase in the difference between the first and second 
count. 

The second explanation that suggests itself is that prior to 
plating some of the organisms have been injured, so to speak, 
by the copper so that it takes them a few days to recover. They 
are not killed but are in such a weakened condition that imme- 
diate growth is impossible. A purely hypothetical explanation 
of this lag period is that it is necessary for the previously ab- 
sorbed antiseptic to diffuse out of the organisms before growth 
will take place. 

A third possibility is that the organisms which survive the cop- 
per treatment may be of slowly growing types. We thought at 
first that the presence of a large proportion of spore formers 
might account for the phenomenon but a few heating tests failed 
to show a specially high proportion of spore bearing organisms 
on the seven day plates. 


ANTISEPTIC ACTION OF SULPHUROUS ACID AND SULPHITES 


In the Miles’ acid process of sewage treatment we added 
sulphur dioxide in sufficient quantities to neutralize the alka- 
linity of the sewage and keep the effluent constantly acid. The 
sewage with a free acidity of 50 to 100 parts per million (ex- 
pressed as calcium carbonate) was retained in a sedimentation 
tank for four hours. Plates of the effluent were then poured 
and counts made after three and seven days incubation. As 
may be seen from table 6 a very marked lag period was noted 
on the plates seeded with this effluent. 

While a two or three day count is usually remarkably low this is 
therefore by no means a correct measure of the number of living 
organisms present in the Miles’ effluent. Prolonged incubation 
will often indicate a total count of ten times this magnitude. 
The average of the percentage increase of the total counts 
between three and seven days incubation is 560 per cent. Such 
delayed growth should be taken into consideration in any bac- 
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teriological examination of this type of sewage effluent. It is 
easy to imagine that the bacterial removal is greater than it 


really is. 


Three and seven day counts of Wiles’ acid effluents showing the « 


3-DAY COUNT 


620 

8,000 

700 

900 

5,400 
6,400 
1,240 
31,000 
15,000 
2,500 
1,700 
590 
150 
42. 800 
32,000 
268 
140 
S00 
760 
430 
200 
1,000 
460 
3,800 
20 
570 
20,000 
2,100 
6,500 
S60 


to 


nowoe 


Ned 


Miles process is so high that even the number of colonies ob- 
tained after seven days incubation is but small and there may 
be no sanitary significance to the organisms that develop after 


7-DAY COUNT 


2,290 
22 200 
1,510 
7,600 
2,000 
20,000 
9,200 
42,000 
40,000 
19,300 
7,000 
8,000 
11,000 
110,000 
100,000 
1,800 
4,185 
14,400 
9,500 
1,100 
8,300 
9,000 
3,920 
14,400 
140 
3,350 
44,000 
7,100 
20,000 
4,500 


TABLE 6 


PERCENTAGE 
INCREASE 


269 
178 
116 
744 

22 
212 
642 

35 
166 
672 


316 


250 


411 
157 
210 
570 
270 
280 
240 
160 
160 
800 
750 
280 
600 
490 
120 
240 
210 
420 





dué to sulph irous ac id 


Average Increase, 560 per cent 


3-DAY COUNT 7-DAY COUNT 
22.000 71,000 
2.570 9,000 
1,100 | 3,300 
4,850 13,000 
200 1.900 
200 2 800 
80 190 
245 3,200 
1,000 4,700 
2.000 7.000 
200 1,000 
30 oD 
30 60 
150 1,400 
10) 360 
10 600 
1.800 11.000 
41 96 
5O 1.600 
35 350 
105 805 
100 1,100 
233 1,600 
600 1,600 
130i 390 
1,140 3,200 
470 2 580 
360 1,500 
535 1400 
225 3,300 


On the other hand the bacterial efficiency of the 


PERCENTAGE 


INCREASE 


290 
250 
200 
170 
850 
1300 
140 
1200 
370 
250 
10 
200 
100 
830 
800 
5900 
510 
130 
3100 
900 
670 
170 
590 
170 
200 
180 
150 
3% 


TO 


f< 


1370 
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three days incubation. It seems probable from our low B. coli 
counts that the pathogens are practically eliminated. It was 
not possible in our work to do anything in the way of classifying 
these organisms showing delayed growth except to find, as noted 
above, that they were mostly non-spore formers. 

To find the number of organisms per cubic centimeter in this 
low count effluent it is necessary to pour plates with a dilution of 
only 1 to 10. In this low dilution the free sulphurous acid 
might be present to the extent of one part per million of media, 
besides which there are considerable amounts of sulphites pres- 
ent. This is doubtless sufficient to exert an antiseptic action 
in the plates during incubation. Some better method of getting 
a total count is highly desirable. Trials were made in which 
the effluent was neutralized before plating; but the antiseptic 
action was still very strong, probably due to the presence of 
sulphites. 

ANTISEPTIC ACTION OF CHLORINE 


Finally, in connection with our study of the effect of varying 
amounts of chlorine on the bacterial content of raw sewage, 
plates were poured immediately before chlorinating and after 
being exposed to chlorine for one half hour. The plates of 
some of these chlorinated samples, with those of the correspond- 
ing raw samples, were incubated for seven days and the count 
then compared with the three day count. 6 and 8 parts per 
million of liquid chlorine were employed. ‘The results are shown 
in table 7. 

The results of this limited number of observations appear 
rather erratic. It is evident, however, that there is no increase 
in the seven day over the three day count to compare with that 
in the case of samples disinfected by sulphurous acid. In gen- 
eral there is no very marked difference between the chlorinated 
and the corresponding raw samples. In 16 out of the 24 cases 
there was a slightly greater increase in the case of the chlori- 
nated samples while in the other 8 cases the increase was actu- 
ally less in the case of the chlorinated samples. If we take the 
averages we find that the increase for the chlorinated is about 
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the same as that for the unchlorinated samples. 
justified in drawing any conclusion from this table it would be 
that chlorine when used in amounts sufficient to have a very 


TABLE 7 
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If we were 


Three and seven day counts of chlorinated and unchlorinated samples of raw sewage 





























CHLORINATED CORRESPONDING RAW 

3-Day 7-Day Percentage 3-Day 7-Day | Percentage 
16,600 23,500 42 380,000 384,000 | 
500 500 0 9,600 18,000 88 
3,000 12,000 300 138,000 162,000 17 
3,340 7,000 110 55,000 80,000 15 
1,000 3,200 220 22,000 116,000 130 
1,300 2,300 77 224,090 340,000 52 
8,000 18,000 13 18,000 38,000 111 
16,000 24,000 50 175,000 243,000 39 
1,250 3,200 156 66,000 95,000 44 
4,000 10,000 150 127,000 252,000 98 
2,000 14,000 600 157,000 287,000 83 
2,600 6,400 146 390,000 800,000 105 
700 1,300 86 10,000 28 000 180 
1,350 2,650 96 4,000 15,000 275 
90 ,000 146,000 62 380,000 605,000 59 
106,000 180,000 70 720,000 1,060,000 47 
3,000 4,400 47 320,000 340,000 6 
580 710 22 17,000 31,500 85 
1,500 1,600 7 141,000 225,000 60 
820 2,100 156 160,000 300,000 gs 
1,900 3,500 84 119,000 165,000 39 
2,800 4,400 57 82,000 120,000 46 
1,000 3,500 250 4,900 16,000 227 
125 125 0 15,000 41,000 173 

Average increase chlor- Average increase un- 

SNS aasacowesiueabas 115 chlorinated 100 

















strong bactericidal action (90 per cent removal or better) has 
little or no tendency to cause delayed colony formation among 
the surviving organisms. 
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SUMMARY 


If copper salts are added to sewage in sufficient quantities to 
effect considerable bacterial reduction there is a marked tend- 
ency to delayed colony formation among the surviving 
organisms. 

In previous investigations such as that of Johnson and Cope- 
land some of the “disinfectant” action observed was doubtless 
merely due to this property. 

Sulphur dioxide when used to disinfect sewage has an even 
greater tendency to produce delayed colony formation than 
have copper salts. 

This phenomenon interferes with the common method of 
determining the count. The actual bacterial content of a 
Miles’ acid effluent may readily be ten times as great as a two or 
three day 20° count. 

Such evidence as has been obtained suggests that chlorine 
does not produce delayed colony formation of the type indicated. 

The delay in colony formation is due either: 

a. To the antiseptic action of minute amounts of copper or 
sulphurous acid or sulphites carried over in the dilution process 
into the plates. This action is probably important in the case 
of the sulphurous acids and bisulphites where plates were made 
at only a 1 to 10 dilution. It is probably relatively slight in the 
case of the copper with plates poured after 1 to 100 dilution and 
containing only 1 part of copper in 10,000,000 parts of medium. 

b. To a selective action of the disinfectants which may per- 
haps kill out quickly growing and spare slowly growing types. 
As throwing light upon this possibility it should be noted that 
no evidence was found of an increased proportion of spore 
bearers among the slowly growing forms. 

c. To a possible lowering of the vitality of the organisms 
affected by the disinfectant so that while not killed outright 
they are able to develop only slowly and after an appreciable lag 
period when transplanted to a favorable medium. 

The completion of the operating period planned for the exper- 
iment station prevented a further study of these various possi- 
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bilities. The results so far obtained are presented here in view 
of their practical bearing on the period of incubation to be 
adopted for plates seeded with certain types of disinfected 
effluents and because of the theoretical interest of the possi- 
bility that the slow development of colonies on plates made 
from such effluents is due to a lowering of vitality produced by a 
sublethal dose of disinfectant. 
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Bacillus putrificus is an almost ubiquitous putrefactive anaer- 
obe which has received comparatively little study. Its impor- 
tant rdle in the natural decomposition of protein material was 
discovered by Bienstock (1899 and 1901) who has given us a 
graphic description of this, as yet more or less obscure, organism. 
Bienstock’s observations were in the main substantiated by 
Rettger (1906, 1908). On account of its somewhat close re- 
semblance to B. tetani, particularly in its morphology and cer- 
tain cultural requirements, B. putrificus has often been mistaken 
for the tetanus bacillus. From this standpoint alone a wider 
knowledge of the important properties of B. putrificus seems 
desirable. 

Although the Bienstock bacillus is so widely distributed in 
nature, it soon becomes apparent to any one who attempts to 
isolate it from its natural sources that this process is extremely 
difficult. Repeated efforts in this laboratory to effect a com- 
plete isolation by methods heretofore in vogue for anaerobes 
have always failed. Colonies seldom develop in the Novy jar, 
and when they do develop they are found to be impure. The 
tendency of this organism to grow into colony form only when 
it is associated with some other organism which favors its devel- 
opment is very marked, whereas B. oedematis and B. chauvei 
(anthracis-symptomatici), its close allies in the processes of pro- 
tein decomposition, will often under similar conditions produce 
characteristic and pure colonies. 


171 




















172 WM. S. STURGES, JR., AND LEO F. RETTGER 


The organisms which are usually associated with B. putrificus 
in attempts at isolation are found to be spore formers, either 
aerobes or anaerobes. It is impossible, therefore, to eliminate 
them, by the heat method. Re-plating.likewise proves unsuc- 
cessful. By replacing these associated organisms with known 
non-spore-bearing forms, however, a method was soon devised 
of isolating B. putrificus. B. coli was first employed, and after, 
definite periods of associated growth it was destroyed by heating 
the mixture at 80°C. for fifteen minutes. 

Tubes of liquid agar were inoculated with putrefying material 
known to contain B. putrificus, and with varying amounts of 
B. coli cultures, and poured into Petri dishes. The plates were 
incubated in the Novy jar. Some of the colonies which devel- 
oped were found, by microscopic examination, to be made up 
of B. putrificus and B. coli. Subculture from such colonies into 
eggmeat medium, and heating at 80°C., yielded pure cultures 
of the putrificus bacillus. 

The following modification of the above method of isolating 
obligate anaerobes has greatly simplified it without lessening its 
efficiency. By substituting Staphylococcus aureus for B. coli, 
symbiotic growths (mixed colonies) were readily obtained by 
the usual method of open or aerobic culture. The amounts 
of the putrefying material and of the staphylococcus suspension 
were varied in order to obtain the most favorable balance of the 
two in the culture plates. After incubation at 37° for three or 
four days some of the irregularly-shaped yellow colonies were 
subcultured in egg-meat medium, in which putrefaction and pro- 
tein liquefaction occurred after incubation for a few days at 
37°C. Subsequent heating at 80° destroyed the staphylococcus, 
leaving the putrificus in pure form. 

Five isolations were effected by the above improved method. 


A SECOND METHOD 


In a small number of our putrefying mixtures B. putrificus 
appeared to preponderate over the other orgamisms. This pre- 
ponderance in numbers was easily observed in stained prepara- 
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tions. For such bacterial mixtures the following plan was 
evolved. 

A loopful of the material is suspended in sterile water and 
well shaken. A direct count is then made, of the morphologi- 
cally characteristic putrificus spores per cubic centimeter of the 
diluted medium, irrespective of all other forms. The bacterial 
suspension is further diluted with water until it contains from 
10 to 50 of these spores to the cubic centimeter. Amounts of 
this diluted material varying from one loopful to 0.1 ec. are 
introduced into a series of egg-meat medium tubes. After 
inoculation with Staphylococcus the egg-meat tubes are incubated 
at 37°C. for a week. Of these a few will as a rule contain only 
B. putrificus and the Staphylococcus, which upon heating will 
yield pure cultures of the anaerobe in question. It is to be 
noted that this procedure is especially applicable when the 
original material contains a relatively large number of B. putri- 


ficus spores. 


Three isolations were effected by this method. 
CULTIVATION OF OBLIGATE ANAEROBES 


As has been intimated, a very satisfactory way of cultivating 
anaerobes after they are once isolated is by symbiosis with some 
aerobic non-sporing organism under so-called aerobic condi- 
tions, or more correctly, by the usual aerobic methods. All of 
the aerobes employed by us proved equally effective in this 
connection. Tubes of egg-meat medium thus inoculated (B. 
putrificus and an aerobe) undergo vigorous putrefaction in the 
course of a few days, usually within three or four. Whenever 
the anaerobe is desired in pure culture heating at 80°C. readily 
removes the associated organisms. The most satisfactory 
medium for growing and maintaining putrefying organisms was 
found to be the egg-meat medium previously described by 
Rettger (1906). In this medium the putrefying anaerobes 
develop very rapidly and their putrefactive properties are well 
displayed. They remain viable for practically indefinite periods 
of time. Old tubes which had been kept in this laboratory for 
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at least two years readily yielded characteristic growths on 
transplantation to a new medium. 

All of the strains of B. putrificus isolated by us exhibit a 
peculiar reluctance in undergoing development and in attacking 
the egg-meat medium in pure culture. The putrefaction is very 
much delayed, and does not begin as a rule until twenty to 
thirtv days after the beginning of incubation under anaerobic 
conditions. When once begun, however, the putrefaction is 
rapid and typical. This is in striking contrast with the other 
well-known putrefyers (B. oedematis and B. chauvei) which 
usually begin to decompose the protein within a period of three 
or four days. This delayed putrefaction of B. putrificus occurs 
only in pure cultures. When growing in symbiosis with another 
organism, preferably an aerobe, it very quickly assumes a putre- 
factive rdle. The nature of this symbiosis is now under inves- 
tigation. It will be of special interest to determine whether the 
associated organism favors putrefaction merely by rendering the 
conditions strictly anaerobic, or whether there are intermediary 
products of metabolism of the aerobes which favor the develop- 
ment of the obligate anaerobe. 

It is quite apparent from a review of the literature that pre- 
vious investigators have not been working with pure cultures of 
B. putrificus, as this phenomenon of delayed putrefaction which 
appears to be a constant feature of pure cultures of the organism 
has not been pointed out by them. We have attempted at differ- 
ent times to obtain pure cultures from other laboratories. The 
few cultures which were acquired in this way were found to con- 
tain other organisms. 

The possible application of these methods to the isolation and 
cultivation of other fastidious anaerobes, particularly B. tetani 
and B. welchii, presents an interesting subject for investigation. 
Other media would be required, however, in place of the egg- 
meat mixture. Experience with the tetanus bacillus has shown 
how difficult it is to obtain this organism in pure culture, and it 
is not improbable that many of the so-called pure cultures of 
B. tetani are mixtures of this anaerobe and some other organism 
which is highly favorable to the growth and perhaps even to the 
toxin production of the tetanus bacillus. 














ISOLATION AND CULTIVATION OF B,. PUTRIFICUS 75 


REFERENCES 


Brenstock 1899 Untersuchungen ueber die Aetiologie der Eiweissfiulniss 
Arch. f. Hyg., 36, 335-389 

Brenstock 1901 Milchfiulniss, Verhinderung der Fiaulniss durch Milel 
Arch. f. Hyg., 39, 390-427 

Retrcer, L. F. 1906 Studies on putrefaction. Jour. Biol. Chem., 2, 71-86 

Retrcer, L. F. 1906 Further studies on putrefaction. Jour. Biol. Chem 
4, 15-55. 

















A PRELIMINARY REPORT UPON SOME HALOPHILIC 
BACTERIA 


EDWIN LeFEVRE anp LESTER A. ROUND 


Bureau of Chemistry, United States Department of Agriculture, Washington, D. C 


Received for publication October 9, 1918 


While studying the microérganisms concerned in the fermen- 
tation of cucumber pickles a group of bacteria were isolated and 
studied which appear sufficiently interesting to deserve special 
comment. These organisms were isolated from the scum which 
grows on the surface of the brine after active fermentation 
(respiration) has ceased. The interesting fact about these 
organisms is that certain members of the group demand an 
appreciable concentration of sodium chloride for development. 


HISTORICAL 


Many investigators, among others Forster (1889), de Freytag 
(1890), Petri (1890) and Peuch (1887) have studied the salt 
tolerance of some of the well-known species of pathogenic bac- 
teria such as B. tuberculosis, B. typhosus, B. diphtheriae, Vibrio 
cholerae, B. anthracis, and the bacillus of swine plague (Schwein- 
rotlauf). Many of these types were found surprisingly resistant, 
being still living and virulent after months of exposure to satu- 
rated salt solutions. Sperlich (1912) studied the reaction of 
bacteria found in air, water and soil to varying percentages of 
salt. He found that many organisms grew better in the presence 
of a certain percentage of salt, the optimum varying from 0.5 
per cent to 5 to 6 per cent of salt in the case of Bact. constrictium 
(Zimmermann). 

Farlow (1867, 1886), Poulsen (1879-1880), Edington (1887), 
Leyet (1887), Ewart (1887), Le Dantee (1891), Hoye (1901, 
1904, 1906, 1908), Beckwith (1911), Kellermann (1914-1915) 
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and Bitting (1911), have studied the bacteria concerned in the 
reddening of salted fish. The bacteriology of this phenomenon 
seems to have been fairly well worked out. Kellermann speaks 
of other non-pigment-forming bacteria associated with the causa- 
tive agent but none of these investigators have called attention 
to a group of bacteria that demand for growth a certain per- 
centage of sodium chloride. In this respect we believe the 
cucumber brine organisms to be unique. 

Rapin and Grosseron (1914) have studied the possibilities of 
bacterial contamination of salt during the process of refining 
and Wolff (1914) made a study of highly refined salt used for 
butter making and of a less highly refined grade used for cheese 
making. Both investigators found that the more highly refined 
the salt the smaller the number of microérganisms present. 
Wolff showed that many of the bacteria found had a very marked 
effect upon butter when applied in pure culture to sterile material. 


EXPERIMENTAL 


From the pickle scum mentioned above 21 bacilli were isolated. 
The brine from which the scum was taken contained approxi- 
mately 10 per cent of salt. The medium used for isolation was 
cucumber juice agar to which 10 per cent of sodium chloride had 
been added. On this medium at room temperature there ap- 
peared first a large number of rugose, cretaceous, raised colonies 
of mycoderma, in appearance quite characteristic of the scum 
as it appears on the surface of the pickle vats. After a few days 
smaller, creamy, glistening, colonies appeared, 1 to 2 mm. in 
diameter. These colonies were raised, opaque, with entire edge 
and of a butyrous consistency. Many of the colonies when 
viewed from the bottom of the plate had a very bright red center 
with a dark green periphery. When transferred to cucumber 
agar slants with ten per cent salt no further chromogenic action 
was noted except, in some cases, a browning of the medium 
underneath the stroke. It was found that these organisms 
would grow apparently just as well on meat extract medium 
with 5 per cent salt as on the cucumber medium and so for 
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further transfer of stock cultures and for differential purposes 
meat extract medium with 5 and 10 per cent salt was used. A 
study of the cultural characteristics of the organisms divided 
them into five groups as follows: 

Group 1. Non-motile, non-spore-bearing bacilli, average size 
0.5 by 2u. On salt agar smooth, opaque, white, glistening colonies 
after forty-eight hours at 30°C. 

Group 2. Non-motile, non-spore-bearing, Gram-negative 
bacilli 0.5 by 4 to 6y. Abundant opaque, glistening colonies 
on salt agar. Motility doubtful. 

Group 3. Gram-positive bacilli 0.5 by 4 showing elliptical 
terminal spores. On salt agar plates there were formed at first 
large myceloid colonies which did not reappear in subcultures. 

Group 4. Short, non-spore-forming, Gram-positive, average 
size 0.4 by 3u with a tumbling form of motility. Colonies on 
salt agar convex, round, glistening, butyrous. No spores. 

Group 5. Small, motile, non-spore-forming, Gram-positive 
bacilli 0.3 by 2u. Colony formation not uniform. 

Other cultural characteristics are shown in the following table. 

The most conspicuous feature about these organisms is their 
ability to grow in highly concentrated salt solutions, the ma- 
jority growing readily in a 25 per cent solution of sodium chlo- 
ride! In only one of the groups (no. 1), could growths be 
obtained without the aid of added salt. The optimum tem- 
perature was 30°C. But under the most favorable conditions 
growth was slow. The organisms were very sensitive to acids. 
Inoculated into pickle juice with varying degrees of acidity, all 
failed to grow above + 1. All except 3 cultures grew in salt 
broth with a P, value of 6. In broth with a P, value of 5, 
growth occurred in but one culture.? 

All the cultures were facultative, although growth was more 
abundant in the presence of air. 

No indol was formed and nitrates were reduced by but one 
of the groups (group 5). 


1 Medium containing 25 grams of sodium chloride in 100 ce. This method was 
followed in making all the media containing salt. 

2? The Colorimetric Determinations of Hydrogen Ion Concentration and Its 
Application in Bacteriology by Clark and Lubs, Journ. Bact., 2, nos. 1, 2 and 3 
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Table showing cultural characteristics of five groups of Halophilic organisms 
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*If medium titrated less than 1 per cent normal acid to phenolphthalein, it 
was recorded as a negative fermentation. 
t Ordinary nutrient broth containing 0.5 per cent sodium chloride. 
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These organisms show great resistance to drying. Thoroughly 
dried out cultures kept in the laboratory for one year were easily 
revived by adding salt broth to the tubes. 

The form of growth shown in salt broth by most of these 
cultures was quite characteristic. In this medium there was 
slowly formed a moderate, uniform cloudiness with a light flaky 
pellicle, which later became thick and creamy. After several 
days’ incubation, the pellicle broke up, forming viscid, stringy 
material suspended horizontally in the medium. This settled 
later and formed a viscid mass at the bottom. In group 1 
marked ropiness of the liquid media occurred. 

While the tolerance of certain organisms for high concentra- 
tions of sodium chloride and the favorable influence of certain 
concentrations upon growth has been determined for many 
organisms, no one, so far as the writers are aware, has called 
attention to a group that absolutely demand sodium chloride 
for their development. 

Investigations have indicated that the chlorides are not 
essential to the growth and development of bacteria and expe- 
rience ‘has shown that the presence of salt in more than small 
percentages is inhibitory to the growth of many types (Sperlich, 
1912). All these organisms showed a marked preference for 
salt and all except group 1 apparently demanded a certain con- 
centration, 2 per cent, for their growth. 

No explanation of this phenomenon is offered but the inquiry 
suggests itself as to whether they are essentially salt organisms 
which by long environmental influences have come to require 
salt in high concentration as essential to their vital processes, 
such as we might expect to find in sea water, or whether they are 
only common saprophytic bacteria which by growth for only a 
short time in salt solution have developed mutants which de- 
mand salt for their growth. 

The question of the influence of osmotic pressure upon these 
organisms has not been studied. There is the possibility that 
the essential factor is not sodium chloride but a certain osmotic 
pressure which is necessary to create a suitable environment for 
growth. If it is only an increase in osmotic pressure that is 
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demanded, other salts in proper concentration would act in the 
same manner as sodium chloride. Further work on this point 
is contemplated. 
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The necessity for conserving meat and meat products during 
the war has rendered a search for cheaper sources of nutritive 
media for bacteria highly desirable. Douglas and Gordon in 
England, and more recently Meyer in this country, have pro- 
posed the use of peptic and tryptic digests of animal tissues as 
a substitute for meat extracts and peptones. These materials 
cheapen the cost of media but necessitate the use of a digestive 
enzyme, usually varying in potency, and of considerable amounts 
of valuable animal protein. It seemed that some non-animal 
protein might prove equally satisfactory. 

Yeast naturally suggested itself as a possible substitute. Ex- 
tracts of yeast have been used in the past to reinforce peptone 
culture media. Furthermore, yeast readily undergoes autolysis, 
in the process of which there are formed varying proportions 
of so-called peptones and aminoacids, while the vitamines remain 
intact. Thus yeast autolysate may be expected to contain all 
the nitrogenous elements required for the growth of bacteria. 
However, the proportions of the individual nitrogenous elements 
vary with the conditions and duration of the autolysis. The 
extent of the influence which such variations may have on the 
growth of bacteria cannot be predicted on theoretical grounds. 
Hence it became necessary to search empirically for the condi- 
tions required to obtain from yeast a satisfactory medium for 
bacteria. 

METHOD OF PREPARATION 


In addition to its cheapness the yeast medium is, if anything, 
easier to prepare than meat extract or meat infusion media. 
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Two hundred grams of drained or centrifuged brewer's yeast are 
suspended in a liter of water, 2 grams of NaH,PO, are added 
as buffer and the reaction adjusted by the addition of N/NaOH, 
to P,6.1. Then 5 ee. chloroform are added and the mixture is 
thoroughly shaken and incubated at 37°C. for two days. It is 
necessary to shake the flask occasionally during the incubation, 
to maintain sterility. 

At the end of the incubation period the reaction is brought to 
P,,7.4 and the autolysate heated in a water bath or in the Arnold 
for thirty minutes. It is then filtered through paper, tubed 
and autoclaved. 

Agar is prepared by adding 15 grams of agar directly to 1 
liter of the unfiltered autolysate, and stirring thoroughly to 
immerse and soften the agar shreds or powder. The mixture is 
then heated on the free flame or in the autoclave until the agar 
is completely dissolved. The reaction is then adjusted to 
P,,7.4, the mixture is heated on a water bath or in an Arnold 
for half an hour and the partially clear supernatant fluid is 
decanted to an Erlenmeyer flask or other vessel. The agar is 
then cooled and whole egg added to clear. The medium is 
finally steamed in the Arnold for one half to three quarters of an 
hour, filtered, tubed and autoclaved. 

Special media may be prepared with yeast broth or yeast 
agar as a base according to the usual procedure. 


RESULTS 


Table 1 contains a summary of the experimental data on 
which this report is based. About 300 cc. of crude brewer's 
yeast or 200 grams of the drained material are sufficient to make 
1 liter of broth, the total nitrogen and ash of which are approxi- 
mately equal to, while the amino N is approximately four to 
five times as high as that of ordinary broth. The hydrogen con- 
centration at which autolysis is allowed to proceed is an impor- 
tant factor in determining the end products and the suitability 
of the filtrate for culture media. The optimum concentration 
is P,6.1. 
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Brewer’s yeast was used in all the experiments reported in 
this paper. Both the crude material and the drained and centri- 
fuged yeast were tested. Comparative tests were also made to 
determine the effect of heat or filtration on the efficacy of the 
medium. Chemical analyses of the total nitrogen and amino 
acid content of the autolysate media were made to parallel the 
cultural tests. The presence of tryptophane was. determined 
by the ability of B. coli to produce indol. Toxin production in 
the case of B. dysenteriae and B. diphtheriae was tested by animal 
inoculation. 

As a result of these experiments it may be concluded, tenta- 
tively at least, that yeast autolysate furnishes a suitable medium 
for the cultivation of all the common bacteria. The various 
members of the colon typhoid group thrive better in this medium 
than in ordinary broth. 8B. coli produces an abundance of indol 
in twenty-four to forty-eight hours. The Shiga type of B. 
dysenteriae on incubation of three to four days at 37°C. yields a 
toxin which produces the typical reaction in rabbits—paralysis 
after forty-eight hours, with typical intestinal lesions. The 
streptococcus and staphylococcus grow readily, but the pneu- 
mococcus does not thrive on the yeast autolysate media. The 
B. diphtheriae grows as well on these media as on ordinary agar 
orin broth. Inthe yeast broth it produces toxin, but apparently 
not of as high a potency as in some peptone broths. 

It is not possible at present to predict the extent of the use- 
fulness of yeast autolysate in culture media. Preliminary tests 
indicate that it can be used as a base for the various special 
media. Endo and brilliant green media prepared with yeast 
agar give entirely satisfactory differentiation. 


SUMMARY AND CONCLUSIONS 


Experiments are presented indicating that yeast permitted to 
undergo autolysis may serve as a cheap substitute for more 
expensive animal proteins or their digestion products. ‘The 
autolysate contains a high percentage of amino nitrogen and a 
relatively small amount of the higher nitrogen complexes. ‘The 
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fact that some bacteria, notably pneumococcus, meningococcus, 
etc., do not thrive as well in the yeast broth as they do in beef 
infusion media, would indicate that the higher nitrogen com- 
* plexes—polypeptides, ete.—play some part in bacterial nutrition. 
On the whole, however, it seems that the yeast autolysate media 
are entirely satisfactory for the cultivation of the less delicate 
pathogenic and saprophytic bacteria. Endo and brilliant green 
plates made with this medium give entirely satisfactory results. 
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